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d. the manufacturer should furnish the Administrator with 
technical data descr ipt ive of a l l s tructural changes, 
except those o f an obviously minor nature, such changes 
to be substantiated by t e s t , i f necessary, and approved 
p r i o r to resuming the type inspect ion. 

. 0 5 4 ISSUANCE OF AIRCRAFT SPECIFICATION 

1 . Upon s a t i s f a c t o r y completion o f a l l reports , t e s t s and i n ­
spect ions required to prove compliance with the airworthiness 
requirements o f the Administrator, an Aircraf t Spec i f icat ion w i l l 
be issued f o r the type and model o f the airplane i n quest ion. The 
Aircra f t Spec i f icat ion w i l l c e r t i f y as to the airworthiness of 
airplanes o f the type i n question when manufactured and maintained 
i n accordance with the provisions noted thereon. 

. 055 ISSUANCE OF TYPE CERTIFICATES 

1 , A type c e r t i f i c a t e such as i s described i n CAR 02 w i l l be 
i ssued to the appl icant upon compliance with the requirements 
therein, 

. 056 AUTHENTICATED DATA 

1 . As a part of the type c e r t i f i c a t e , the Administrator w i l l furnish 
the appl icant , upon issuance of such c e r t i f i c a t e , one se t o f drawing 
l i s t s on which the sea l o f the Administrator i s impressed. These 
l i s t s w i l l show acceptance of the drawings as p a r t i a l proof o f 
the airworthiness o f the type o f airplane to which they apply. 

. 0 6 CHANGES 

1 . Change, Repair or Alterat ion of Individual Cert i f i cated Air ­
p lanes . Change, repair or a l t era t ion of a c e r t i f i c a t e d airplane 
renders such airplane subject to r e - c e r t i f i c a t i o n as to airworthiness 
i n accordance with CAR 1 8 , but does not a f f e c t the type c e r t i f i c a t e 
on which the airworthiness c e r t i f i c a t i o n may have been based. As a 
general ru le extensive rev i s ions of the primary structure should 

. not be undertaken without the cooperation of the airplane manufacturer. 
Changes which appear to be unimportant might s e r i o u s l y a f f e c t the 
s tructural s a f e t y or f l y i n g q u a l i t i e s , making the airplane unsafe . 
The manufacturer i s supplied with complete strength ca lculat ions from 
which information:regarding the approved member s i ze s and mater ia l 
spec i f i ca t ions can be obtained. Also , the manufacturer may have 
already obtained the Administrator's approval of the proposed change. 
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2. Changes b y H o l d e r o f $ y p e C e r t i f i c a t e . The h o l d e r o f a t y p e 
c e r t i f i c a t e s h o u l d a p p l y f o r a p p r o v a l o f airy s p e c i f i c change 
o r r e v i s i o n o f t he a p p r o v e d drawings o r s p e c i f i c a t i o n s -which 
a f f e c t the a i w o r t h i n e s s o f the a i r p l a n e and s h o u l d submit 
s u f f i c i e n t t e c h n i c a l data i n t he form o f s t r e n g t h c a l c u l a t i o n s 
and s t r e n g t h t e s t s , o r b o t h , t o demons t ra te c o n t i n u e d c o m p l i a n c e 
•with t h e a i r w o r t h i n e s s r equ i r emen t s h e r e i n a f t e r s p e c i f i e d . C o r ­
r e c t e d pages o f t he drawing l i s t s , i n d u p l i c a t e , s h o u l d a l s o be 
submi t ted* A l t e r n a t e i n s t a l l a t i o n s s h o u l d be s o d e s i g n a t e d and 
p r o p e r l y i n d i c a t e d on t h e drawing l i s t s . I f , i n t h e o p i n i o n o f 
t he A d m i n i s t r a t o r , t he changes a r e such a s to a f f e c t t he pe r fo rmance 
o r o p e r a t i n g c h a r a c t e r i s t i c s , a p p r o p r i a t e t e s t s may be r e q u i r e d . 
Upon s a t i s f a c t o r y p r o o f t h a t the r e v i s i o n s do n o t r ende r t h e 
a i r p l a n e t y p e u n a i r w o r t h y t he A i r c r a f t S p e c i f i c a t i o n may be m o d i ­
f i e d t o i n c l u d e a i r p l a n e s embodying t h e a p p r o v e d changes and 
s e a l e d c o p i e s o f t he r e v i s e d drawing l i s t pages w i l l be r e t u r n e d 
t o the a p p l i c a n t . The manufac turer s h o u l d m a i n t a i n a r e c o r d o f 
the a i r p l a n e s e r i a l numbers t o -which t h e changes a p p l y . 

3 . Changes "by P e r s o n s Other Than H o l d e r o f Type C e r t i f i c a t e . 
Changes such a s d e s c r i b e d a b o v e , when made tey p e r s o n s o t h e r than 
the h o l d e r o f t h e t y p e c e r t i f i c a t e , a r e a l s o s u b j e c t t o t he p r o ­
c e d u r e o u t l i n e d a b o v e , e x c e p t t h a t the w r i t t e n c o n s e n t o f t h e 
h o l d e r o f t he t y p e c e r t i f i c a t e s h o u l d be o b t a i n e d i f i t i s d e ­
s i r e d t o r e f e r t o t e c h n i c a l d a t a o r i g i n a l l y s u b m i t t e d t o t h e 
A d m i n i s t r a t o r i n c o n n e c t i o n w i t h t y p e c e r t i f i c a t i o n . With t h e c o n ­
s e n t o f b o t h t he p e r s o n making t he change and t h e h o l d e r o f t h e 
t y p e c e r t i f i c a t e , a l l a i r p l a n e s manufac tured under t h e t y p e c e r ­
t i f i c a t e may b e made e l i g i b l e f o r s u c h change b y an a p p r o p r i a t e 
r e v i s i o n o f the p e r t i n e n t A i r c r a f t S p e c i f i c a t i o n . 

. 0 6 0 MINOR CHANGES 

1 , The p r o c e d u r e t o be f o l l o w e d i n o b t a i n i n g a p p r o v a l o f minor 
changes t o a i r p l a n e s manufactured under the t e rms o f a t y p e 
c e r t i f i c a t e w i l l l a r g e l y depend on the na ture o f t h e change i n ­
v o l v e d . As soon a s t ime -wi l l pe rmi t a d d i t i o n s w i l l be made t o 
t h i s manual c o v e r i n g c e r t a i n s p e c i f i c changes i n a d d i t i o n t o t h a t 
c o v e r e d i n Z b e l o w , 

2 . - When a t a i l w h e e l and t i r e a r e appended t o a p r e v i o u s l y 
a p p r o v e d t a i l s k i d i n s t a l l a t i o n and t h e o r i g i n a l p r o v i s i o n s f o r 
shock a b s o r p t i o n a r e l e f t i n t a c t , t h e f o l l o w i n g p r o c e d u r e s h o u l d 

• be f o l l o w e d i n o b t a i n i n g a p p r o v a l o f t h e c h a n g e : 

a , Sutm.it the u s u a l f i l e d r a w i n g s . 
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b . S u b s t a n t i a t e t he s t r e n g t h o f s k i d s t r u c t u r e and a t t a c h ­
ment t o t h e f u s e l a g e i f t h e p o i n t o f c o n t a c t w i t h t h e 
g round o f t h e p r o p o s e d w h e e l i n s t a l l a t i o n i s f o r w a r d o f 
t h e t a i l s k i d shoe c o n t a c t p o i n t . For i n s t a l l a t i o n s 
•where t h e c o n t a c t p o i n t s c o i n c i d e o r t h e w h e e l i s t o t h e 
r e a r o f t he s k i d c o n t a c t p o i n t , n o s t r u c t u r a l i n v e s t i g a ­
t i o n i s r e q u i r e d u n l e s s such p r o c e d u r e appea r s n e c e s s a r y , 

c . Ob ta in i n s p e c t i o n o f i n s t a l l a t i o n and w e i g h t c h e c k b y a 
r e p r e s e n t a t i v e o f t h e A d m i n i s t r a t o r . 

d . Ob ta in r e c h e c k o f l a n d i n g and t a x i i n g c h a r a c t e r i s t i c s b y a 
r e p r e s e n t a t i v e o f t h e A d m i n i s t r a t o r . No i n v e s t i g a t i o n o f 
t h e s t a t u s o f t h e t i r e , s t r e n g t h o f t he whee l a t tachment t o 
t h e s k i d , o r t h e ene rgy a b s o r p t i o n c a p a c i t y need b e made. 

. 0 6 1 MAJOR CHANGES 

A GENERAL 

1 , Major changes i n e x i s t i n g d e s i g n s w i l l u s u a l l y e n t a i l an 
a p p r e c i a b l e e x p e n d i t u r e o f t ime and money o n t h e p a r t o f t he a p p l i ­
c a n t f o r a p p r o v a l . Care s h o u l d t h e r e f o r e b e t aken t o de t e rmine 
t he s t a t u s o f such changes -with r e s p e c t t o t he p e r t i n e n t r e g u l a ­
t i o n s , p r i o r t o any e x t e n s i v e r e b u i l d i n g o r c o n v e r s i o n , 

B INSTALLATION OF AN ENGINE OF A TYPE OTHER THAN THAT COVERED BX 
THE ORIGINAL TYPE (OR APPROVED TYPE) CERTIFICATE 

1 , I t i s g e n e r a l l y u n d e r s t o o d t h a t t h e pu rpose o f most changes 
i n v o l v i n g t h e i n s t a l l a t i o n o f an eng ine o f a t y p e o t h e r t h a n t h a t 
c o v e r e d b y the o r i g i n a l a p p r o v a l i s t o p e r m i t f u l l advantage t o b e 
t a k e n o f improvements i n engine p e r f o r m a n c e w h i c h d o n o t i n v o l v e 
a m a t e r i a l i n c r e a s e i n eng ine w e i g h t . T h i s i s o f d i r e c t b e n e f i t 
t o t h e o p e r a t o r o f t h e a i r p l a n e , a s i t i n c r e a s e s s a f e t y o f o p e r a ­
t i o n a n d / o r p e r f o r m a n c e b y inrproving t a k e - o f f , c l i m b , s i n g l e -
e n g i n e p e r f o r m a n c e , t r u e c r u i s i n g s p e e d s a t a l t i t u d e , e n g i n e 
r e l i a b i l i t y , and e n g i n e l i f e be tween o v e r h a u l s , w i t h f e w ( i f a n y ) 
changes i n t he a i r c r a f t s t r u c t u r e . I t s h o u l d be c a r e f u l l y n o t e d 
t h a t t h e s e b e n e f i t s w i l l b e d i f f i c u l t t o o b t a i n i f t h e changes 
made r e q u i r e o r i n v o l v e an i n c r e a s e i n t h e o r i g i n a l l y a p p r o v e d 
a i r p l a n e g r o s s w e i g h t o r p l a c a r d s p e e d s . I f t h e changes r e s u l t 
i n an i n c r e a s e i n p l a c a r d s p e e d s , i t w i l l be n e c e s s a r y i n any 
e v e n t t o r e i n v e s t i g a t e t h e s t r u c t u r e f o r c o m p l i a n c e w i t h t h e f l u t t e r 
p r e v e n t i o n .measures r e f e r r e d t o i n CAR 0 4 , 4 0 4 , Be fo re making a 
change i n e n g i n e i t i s a lways a d v i s a b l e f o r an owner t o c o n t a c t 
t h e manufac tu re r o f t h e make o f a i r p l a n e i n v o l v e d t o l e a r n i f t he 
p r o p o s e d change has e v e r b e e n app roved b y t h e A d m i n i s t r a t o r . I f 
t h e r e i s a r e c o r d o f a p p r o v a l , i t i s o f t e n a r e l a t i v e l y s i m p l e 

' m a t t e r t o r e v i s e t h e a i r p l a n e t o c o n f o r m w i t h t h e m a n u f a c t u r e r ' s 
a p p r o v e d d a t a , 

3 0 1 aao 0—41 a ' 
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2 . The g e n e r a l p r o c e d u r e t o b e fol lowed,• .•when the r a t e d povrer 
o f t he e n g i n e t o be i n s t a l l e d e x c e e d s t ha t o r i g i n a l l y u s e d f o r ' 
d e s i g n p u r p o s e s o r e x c e e d s the r a t e d power o f t he e n g i n e b e i n g 
r e p l a c e d , i s d e s c r i b e d i n t h e f o l l o w i n g p a r a g r a p h s , i t c o n s i s t s , 
b r i e f l y , i n s u b s t a n t i a t i n g t he s t r e n g t h o f t h e e n g i n e mount and 
a d j a c e n t s t r u c t u r e f o r t he t a k e - o f f (one minu te ) power and f o r 
the l o c a l i n c r e a s e i n w e i g h t , i f a n y , and i n l i m i t i n g t he e n g i n e 
ou tpu t and i n d i c a t e d s p e e d s f o r subsequen t p o s t i n g i n the. a i r ­
c r a f t . The e n g i n e p l a c a r d l i m i t s d i f f e r e n t i a t e be tween the 
power p e r m i t t e d f o r c o n t i n u o u s o p e r a t i o n (maximum, e x c e p t t a k e ­
o f f ) , and t h a t which has b e e n a p p r o v e d f o r t a k e - o f f orOy ( t a k e ­
o f f , one n d n u t e ) . The f o l l o w i n g p r o c e d u r e a p p l i e s t o m o d i f i c a ­
t i o n s o f e x i s t i n g d e s i g n s but the p r i n c i p l e s v a i l a l s o a p p l y t o 
new d e s i g n s unde r c o n s i d e r a t i o n . 

5 . To e x p e d i t e hand l ing and t o r e d u c e the u s u a l exchange o f 
c o r r e s p o n d e n c e t o a minimum, t he a p p l i c a n t f o r a p p r o v a l o f t h e 
change s h o u l d a lways s u p p l y a comple te d e s c r i p t i o n o f t he p r o ­
p o s e d e n g i n e r e p l a c e m e n t . When an i n d i v i d u a l a i r p l a n e i s b e i n g 
m o d i f i e d i t s h o u l d be i d e n t i f i e d i n t h e , c o r r e s p o n d e n c e a s t o 
name o f manufac tu re r , mode l d e s i g n a t i o n , m a n u f a c t u r e r ' s s e r i a l 
nuniber and i d e n t i f i c a t i o n mark. I n a d d i t i o n , a new o r r e v i s e d 
a i r p l a n e mode l d e s i g n a t i o n should be s e l e c t e d t o d i s t i n g u i s h i t 
f rom the o r i g i n a l m o d e l . The c u r r e n t s t a t u s o f t h e e n g i n e t o b e 
u s e d , w i t h r e s p e c t t o CAR 1 3 , shou ld be de te rmined p r i o r t o the 
c o m p l e t i o n o f any e x t e n s i v e c h a n g e s . F i e l d i n s p e c t i o n p e r s o n n e l 
o f t h e A d m i n i s t r a t o r a r e s u p p l i e d m t h t h i s i n f o r m a t i o n and t h e y 
w i l l a s s i s t i n t he d e t e r m i n a t i o n o f the s t a t u s o f t he e n g i n e i n 
q u e s t i o n . C o p i e s o f t h e a p p r o v e d e n g i n e s p e c i f i c a t i o n can be 
o b t a i n e d from the A d m i n i s t r a t i o n ' s P u b l i c a t i o n s and S t a t i s t i c s 
D i v i s i o n i n Wash ing ton . I f t he d e t a i l s o f t h e p o w e r p l a n t i n ­
s t a l l a t i o n are. a f f e c t e d , n o t e t ha t t h e p e r t i n e n t r e q u i r e m e n t s 
s p e c i f i e d i n CAM 04.03 .20-1 ( e ) and CAR 0 4 . 6 c a l l f o r c e r t a i n 
app roved f i l e d a t a . 

4 . The d a t a submi t t ed s h o u l d i n c l u d e a compar i son o f t h e w e i g h t s 
o f t h e o r i g i n a l and p r o p o s e d eng ine i n s t a l l a t i o n s . Append ix 1 
o f t h e R e p a i r and A l t e r a t i o n Manual w i l l be found u s e f u l i n r e -
c h e c k i n g t he b a l a n c e . The a i r c r a f t s p e c i f i c a t i o n , c o p i e s o f 
which can be o b t a i n e d from t h e A d m i n i s t r a t i o n ' s P u b l i c a t i o n s and 
S t a t i s t i c s D i v i s i o n , i n c l u d e s the approved c e n t e r o f g r a v i t y 
r a n g e . 

5 . Changes i n eng ine mount s t r u c t u r e and t he l o c a l e f f e c t s 
o f an i n c r e a s e i n e n g i n e w e i g h t must , o f c o u r s e , b e 
i n v e s t i g a t e d . The e x t e n t o f such i n v e s t i g a t i o n w i l l depend 
l a r g e l y upon the amount o f i n c r e a s e d power 

,0-24 
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t h e a p p l i c a n t d e s i r e s t o use i n t a k e - o f f ( one minute) and t h e r e ­
maining o p e r a t i o n s . See 7 b e l o w f o r r e f e r e n c e s t o o p e r a t i o n 
l i m i t a t i o n s . See CAM 0 4 . 0 5 2 0 f o r r e f e r e n c e s t o t h e i n f o r m a t i o n 
r e q u i r e d on drawings submi t t ed c o v e r i n g t h e changes made. 

6 . A i r s p e e d P l a c a r d l i m i t s . There a r e a l a r g e number o f c e r t i f i ­
c a t e d a i r p l a n e s i n s e r v i c e which do no t d i s p l a y t he p l a c a r d s p e e d s 
s p e c i f i e d i n t h e cur ren t r e q u i r e m e n t s . These a i r p l a n e mode ls were 
approved p r i o r t o the a p p l i c a t i o n o f the 1934 e d i t i o n o f A e r o n a u t i c s 
B u l l e t i n No, 7-A i n w h i c h t h e r equ i rement s f o r a i r s p e e d p l a c a r d s 
f i r s t appeared i n t h e a i r p l a n e r e g u l a t i o n s . In t h e s e c a s e s 
when the r a t e d power o f t h e e n g i n e b e i n g i n s t a l l e d e x c e e d s 
t h a t o f t he e n g i n e i n s t a l l a t i o n o r i g i n a l l y a p p r o v e d , the f o l l o w - ; 
i n g a i r s p e e d l i m i t s s h o u l d be d i s p l a y e d ; 

a . L e v e l F l i g h t o r C l i m b : V-^. 
b . G l i d e o r D i v e : l . S V ^ . i s the a c t u a l i n d i c a t e d h i g h 

speed i n l e v e l f l i g h t o b t a i n a b l e w i t h t h e power o f t he 
eng ine o r i g i n a l l y u s e d . 

I f the a p p l i c a n t f o r a p p r o v a l w i shes t o r a i s e t h e s e p l a c a r d l i m i t s , 
t h e r e a re no o b j e c t i o n s t o h i s i n v e s t i g a t i o n o f t h e c a s e . The 
c u r r e n t r equ i rements w i l l s e r v e a s a gu ide f o r de te rmin ing w h i c h 
components o f t h e a i r p l a n e and p e r t i n e n t l o a d i n g c o n d i t i o n s o r 
d e s i g n c r i t e r i a i n v o l v e a c o n s i d e r a t i o n o f d e s i g n a i r s p e e d s . Far 
c a s e s i n which a i r s p e e d p l a c a r d l i m i t s w e r e de t e rmined 

a s p a r t o f t he o r i g i n a l a p p r o v a l , t he u s e o f an e n g i n e 
w i t h r a t e d power in e x c e s s o f t ha t o r i g i n a l l y used f o r d e s i g n 
p u r p o s e s w i l l no t r e q u i r e changes o f t h e o r i g i n a l a i r s p e e d p l a c a r d 
l i m i t s . However, a s p r e v i o u s l y men t ioned , an a t t empt t o i n c r e a s e 
t h e s e p l a c a r d speeds w i l l r e p r e s e n t a r e v i s i o n o f t he b a s i c s t r u c ­
t u r a l d e s i g n da ta and a s such w i l l u s u a l l y r e q u i r e an a p p r e c i a b l e 
amount o f r e i n v e s t i g a t i o n f o r p u r p o s e s o f de t e rmin ing whether the 
a i r p l a n e s t r u c t u r e can w i th s t and the a i r l o a d s i n c i d e n t t o t he 
i n c r e a s e d p e r f o r m a n c e . As a r u l e o n l y the a i r p l a n e manufac ture r 
o r an e x p e r i e n c e d e n g i n e e r can e f f i c i e n t l y make t he n e c e s s a r y 
i n v e s t i g a t i o n s . The A d m i n i s t r a t o r d o e s n o t i n i t i a t e such s t u d i e s . 

7 . Engine P l a c a r d L i m i t s . The a i rp l anes d i s c u s s e d i n the f i r s t 
p a r t o f 6 above i n most i n s t a n c e s do n o t d i s p l a y t he eng ine p l a c a r d 
l i m i t s s p e c i f i e d i n t he c u r r e n t r e q u i r e m e n t s . I n t he se c a s e s 
when t h e r a t e d power o f the eng ine b e i n g i n s t a l l e d e x c e e d s t h a t 
o f t h e eng ine i n s t a l l a t i o n b e i n g r e p l a c e d the f o l l o w i n g eng ine 
o p e r a t i o n l i m i t s s h o u l d b e d i s p l a y e d : 

a* Maximum, e x c e p t t a k e - o f f ho r sepower , no t t o e x c e e d the 
ou tpu t o f the o r i g i n a l l y approved eng ine i n s t a l l a t i o n 
w h i c h i s b e i n g r e p l a c e d . 

b « T a k e - o f f ( o n e minu te ) h o r s e p o w e r , l i m i t e d by* 

o-ss 
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(1 ) Approved take-o f f rat ing of engine. See CAR 04.60, 
CAR 13 and approved engine s p e c i f i c a t i o n . 

( 2 ) Status of prope l l er used. See CAR 0 4 . 6 1 , CAR 1 4 
and approved prope l ler s p e c i f i c a t i o n . 

( 3 ) Strength of engine mount s tructure . See CAR 0 4 . 2 6 . 
(4) Fuel f low capacity . See CAR 0 4 . 6 2 5 . 
( 5 ) Engine cooling requirements. See CAR 0 4 . 6 4 0 . 

For cases in which engine placard l i m i t s were determined 
as part of the or ig ina l approval of the a irp lane , the 

use of an engine with rated power d i f f e r e n t from that of the 
engine being replaced w i l l require the d isp lay of new placard 
l i m i t s corresponding with the maximum permissible output d e t e r ­
mined by the fo l lowing: 

a 1 . Maximum, except t a k e - o f f horsepower, l imi ted by: 
(1 ) Approved rat ing of engine. See CAR 0 4 . 6 0 , CAR 13 

and approved engine spec i f i ca t ion , 
(2 ) Status of propel ler used. See CAR 0 4 . 6 1 , CAR 14 

and approved propel ler s p e c i f i c a t i o n . 
(3 ) Strength of engine mount s tructure . See CAR 0 4 . 2 6 . 
(4 ) Fuel f low capacity t e s t s . See CAR 0 4 . 6 2 5 . (There 

are a few supercharged i n s t a l l a t i o n s f o r which 
the maximum, except t a k e - o f f , rating i s greater 
than the t a k e - o f f ra t ing . Therefore, the maximum, 
except take-of f power, i s used in determining the 
fue l f low required . ) 

( 5 ) F u l l power longi tudinal s t a b i l i t y character i s t i c s 
wi th rearmost center of g r a v i t y . 

(6 ) Engine cooling t e s t s . See CAR 0 4 . 6 4 0 . 
(7) Design power used i n or ig ina l a n a l y s i s . 

b ' . Take-off (one minute) horsepower, l i m i t e d by items 
l i s t e d i n b ( l ) t o b(S) above, 

8 , Inspection and F l ight T e s t s , Following rece ipt and approval 
by the Administrator of f i l e data s a t i s f a c t o r i l y accounting f o r tne 
change i n engine as discussed in the foregoing paragraphs, the 
usual inspection and a recheck of certa in f l i g h t t e s t s w i l l be 
authorized. The extent of the f l i g h t t e s t s w i l l depend upon the 
nature of the replacement with respect to the or ig inal approval . 

9 , I t w i l l be o f ' i n t e r e s t to designers to note that provis ion 
for future increases in engine power and airplane performance 
can e a s i l y be made i n the o r i g i n a l design by the fol lowing 
methods: 

, 0 - 2 6 
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a. Assume a power loading of 12 pounds per HP in determin­
ing the maneuvering load factors. (See Fig. 04-3 of 
CAR 04.) 

b« Design the engine mount, adjacent structure, and power-
plant installation for the maximum power which might 
possibly be used in the future. 

c. Assume a design level speed (V^) considered high enough 
for all future operations. In this connection it should 
be noted that speed placards refer to "indicated" air­
speeds and that the corresponding actual airspeed may 
therefore exceed the placard speed at altitudes above 
sea level. 

CONVERSION OF APPROVED TYPE IANDPLAKE OR SEAPLANE TO APPROVED 
SKIPLANE STATUS 

1. There are two distinct steps involved in obtaining the Administrator' 
approval of an airplane equipped with skis. These are as follows: 

a. Approval of the ski model. 
b. Approval of the airplane equipped with approved skis. 

It should be noted that the approval of a ski and the approval 
of a ski installation are two separate cases. The Administrator's 
approval of a ski for a specified static load for quantity pro­
duction under a type certificate does not imply approval of the 
ski installed on any certificated airplane. It means only that 
the ski itself is satisfactory. This is true also in the case of 
a single set of skis where no type certificate is involved. 

2 . Approval of the Ski Model. The strength of a l l skis must be 
substantiated in accordance with the requirements contained in 
CAR 15 (see also CAM 15) before they may be used on certificated 
aircraft, whether or not the designer or manufacturer desires to 
obtain a type certificate for the skis* The procedure for obtain­
ing an approval for skis is explained in CAR 15. 

3 . Approval of an Airplane Equipped with Approved Skis, {fertain 
airplane models are already approved with certain specific approved 
skis installed. The owner of a certificated airplane of some such 
model wishing to install skis, need only install skis of the model 
with which airplanes of his model are approved and his airplane 
will be approved with the skis installed, upon the satisfactory com­
pletion of an inspection of the installation by a representative of 
the Administrator. Should changes in the landing gear be necessary to 
accommodate the skis, the owner, of course, must make the changes 
in accordance with the change data approved by the Administrator. If 
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the airplane i s of a model which has not been approved with the 
i n s t a l l a t i o n of sk i s of the part icular approved model i t i s de ­
s ired t o i n s t a l l , the procedure hereinafter out l ined should be 
fo l lowed: 

a . Technical data showing any changes i n the landing gear 
should be submitted to the Administrator f o r approval. 
This i s not o f ten necessary, as s k i s are usua l ly de­
signed t o a t tach to the axles i n place of the wheels . 

b . Upon approval of the change data , i f any, .the i n s t a l l a ­
t i o n must pass a s a t i s f a c t o r y inspection by a 
representative *yf the Administrator. 

c . During t h i s inspect ion , the representative w i l l obtain 
the weight of the sk i i n s t a l l a t i o n and the.weight of the 
wheel i n s t a l l a t i o n which has been replaced. 

d. Upon completion of a s a t i s f a c t o r y inspect ion, the repre­
sentat ive w i l l witness take -o f f s and landings, and other 
demonstrations i f deemed necessary, of the airplane 
equipped with s k i s . The character i s t i c s of the airplane 
equipped with s k i s must be acceptable to the Administrator's 
representat ive . 

4 . I f the airplane inspected and t e s t e d i s a standard airplane 
of a cer ta in model and the skis i n s t a l l e d are approved under a 
type c e r t i f i c a t e and manufactured under a production c e r t i f i c a t e 
or i f the sk i s are manufactured under an approved type c e r t i f i c a t e , 
a l l a irplanes of t h i s model w i l l be considered e l i g i b l e f o r 
approval when equipped with s k i s of the model i n s t a l l e d on the 
airplane inspected. The a i r c r a f t spec i f i cat ion w i l l i d e n t i f y 
the approval accordingly . 

5 . I f the sk i s i n s t a l l e d are not approved under an approved 
type c e r t i f i c a t e ' o r were not manufactured under a production 
c e r t i f i c a t e , each airplane so equipped must undergo the t e s t s 
of 3d above in order t o be e l i g i b l e for approval . The notes 
on the pert inent a i r c r a f t spec i f i ca t ion w i l l l i s t th i s d i s t i n c ­
t i o n . 

.062 CHANGES REQUIRED BY THE ADMINISTRATOR 

1 . Due t o Revised Regulations. The'type c e r t i f i c a t e permits 
production of a i r c r a f t under the terns of the airworthiness r e ­
quirements i n e f f e c t at the time of the type approval. Due t o 
progress in the a r t , however, i t may be advisable in rare cases , 
t o require that airplanes being b u i l t under a type c e r t i f i c a t e 
be made to conform with a requirement made e f f e c t i v e subsequent 
to the issuance of the type c e r t i f i c a t e . 

0-28 



CIVIL AERONAUTICS'. MANUAL 

2. Due to Unsatisfactory Service Experience. When unsatis­factory experiences are encountered in service it is the normal procedure for the manufacturer to prepare a service bulletin and forward it direct to the aircraft owners. Such service bulletins 
are usually prepared in cooperation with the Administrator. When the difficulty encountered is of sufficient importance to require immediate action an Airworthiness Maintenance Bulletin is prepared by the Administrator and is sent by registered mail to all owners to advise them of the nature of the difficulty, the corrective steps to be taken, and requesting them to contact an authorized repre-sentativs of the Administrator regarding approval of the changes made. In addition a special note is generally issued as a supplement to the Aircraft Specification as a final check to insure that the particular item has been corrected by the time of the annual inspection. 

.0-29 



0 4 . 

o O - S O 

C I V I L AERONAim CS MANUAL 



C I V I L A E R O N A U T I C S M A N U A L 
04.1-̂ A 
04.1-B 

. 1 DEFINITIONS (INCLUDING STANDARD SYMBOLS, VALUES, AND FORMULAS) 

A DEFINITIONS ADDITIONAL 1 0 THOSE GIVEN IN CAR 0 4 . 1 . 

1 . Aerodynamic Center^ a . c . The point on the wing chord, expressed as a 
f rac t ion of the chord, about which the moment coef f ic ient i s substant ia l ly 
constant for a l l angles of attack. The theoret ical location i s at 25 per 
cant of the chord. The actual locat ion may d i f f er from the theoret ical 
locat ion and. may be determined from the slope o f the moment coef f ic ient 
curve as outlined in CAM 04 .129C. 

2 , Drag Area, The area of a hypothetical surface having an absolute drag 
coe f f i c i en t of 1 , 0 , 

3* Equivalent Drag Area, Sp, The drag area -which, at a given value of 
dynamic pressure, w i l l produce the same aerodynamic drag as the body or 
combination of bodies under eoasideration, (Note: Sj> = 1,28 Sg , where Sg 
i s the. equivalent f l a t plate a r e a ) , 

a , Sj)̂ . = estimated t o t a l drag area at high speed, in square f e e t . 
When the value of V L i s knoTsn. or has been estimated, Sp .̂ can be 
determined by solving Eq. I S in CAM 0 4 . 1-C for d, "When i t i s 
desired to estimate S n t f i r s t in order to compute the value of V L , 
the equation — S J J „ + CJJS,^ can be used. S^. refers to the to ta l 
wing area exclusive or the area replaoed by the fuselage and Cp 
oan usual ly be assumed to be the minimum wing drag coe f f i c i en t . 
Typical values of S o f (Drag area of airplane l e s s wing) are given 
in F i g . 6„ 

4 , Margin of Safety , M,S, The margin of safety i s the percentage or 
f raot ion by which ultimate strength of a member exceeds i t s ultimate load. 

a , A l inear margin of safety i s one which varies l inear ly with the 
ultimate load , 

b , A nonlinear margin of safety i s one which i s based on stresses 
which are not proportional to the ultimate load, A nonlinear 
margin of safety i s not a true measure of the excess strength of 
a member, 

B STANDARD SYMBOLS 

A - a - pos i t ion of aerodynamic center, 
fract ion of chordj subscript 
"actual 1*. 

a » c - aerodynamic center. 



CLASS I -CANTILEVER MONOPLANE WITH RETRACTABLE CHASSIS, 
STREAMLINED FUSELAGE , WELL COWLED ENGINE, NO 
EXTERNAL BRACING. 

CLASS 2-(A)CANTILEVER OR WIRE-BRACED MONOPLANE WITH 
CANTILEVER OR WIRE-BRACED CHASSIS,WHEEL PANTS 
STREAMLINED FUSEL AGE,ENGINE COWL OR RING. 
(B) BIPLANE OR EXTERNALLY BRACED MONOPLANE 
WITH RETRACTABLE CHASSIS, STREAMLINED 
FUSELAGE, ENGINE COWL OR RING. 

CLASS 3—BIPLANE OR EXTERNALLY BRACED MONOPLANE 
WITH STREAMLINED FUSELAGE, ENGINE f 

CLASS 4-

COWL OR RING. 

AIRPLANES HAVING EXCESSIVE 
PARASITIC DRAG 

e 10 

W 
1 0 0 0 
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FIG. 18-CONVENTION OF AXES, FORCES, a MOMENTS. 
( REF C.A.M. 0 7 . 2 1 7 - D 3 ) 

N O T E : T H E R E A R E NO F I G U R E S 1 9 8 2 0 IN THIS 

E D I T I O N , A S T H E Y W E R E D E L E T E D BY A R E V I S I O N 

T O T H E P R E C E D I N G EDITION 
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(6) The data for column 6 i s taken from the assumed span 
distr ibut ion curve, Figure 16 or 17 . The factor 
Rh represents the rat io of the actual Cn at any 
point to the value of Cu0 a t the root of the -wing. 

(7) Column 7 contains the product of column 5 and 6. 
The sum of this column -when divided by the sum of 
column 5 w i l l give the value Kb, which i s the 
rat io of the mean e f fec t ive Cjf to the value of G $ 0 

( a t the r o o t ) . 
(8) Column 8 contains the product of columns 2 and 7 . 

The sum of this column when divided by the sum 
of column 7 gives the l a t era l coordinate of the 
centroid of the semi-wing as indicated below the 
tab le . 

(9) In column 9 i s l i s t e d the distance of each section 
aerodynamic center a f t of the TZ plane. 

(10) Column 10 contains the product of column 7 and 
9. The sum of th i s column when divided by the 
sum of column 7 gives the X-coordinate of the 
centroid as indicated below the tab le . 

(11) In column 11 i s l i s t e d the distance of each 
section aerodynamic oenter above the 22" plane. 

(12) Column 12 contains the product of columns 7 
and 1 1 . The sum of t h i s column when divided by 
the sum of column 7 gives the Z-coordinate of 
the centroid as indicated below the table . 

(13) Column 13 contains the product of columns 4 
and 5 . The sum of this column, when divided 
by the sum of column 5 , gives the length of 
the mean aerodynamic chord. I f a location i s 
wanted for the mean aerodynamic chord, i t should 
be drawn on the wing so that i t s aerodynamic 
center coincides with the centroid of l i f t 
determined by means of the preceding columns. 

(14) Column 14 i s a l i s t of the section moment 
coe f f i c i en t s , 

(15) Column 15 contains the product of columns 13 
and 14 . For wings that have no twis t , the 
sum of th i s column when divided by column 13 gives 
the average moment coef f ic ient for the wing, 

3 , In the case of twisted wings a di f ferent span distr ibution 
ex i s t s for each angle of attack. The location of the resultant 
forces can, however, be determined as in 2 above for any known 
span dis tr ibut ion . 
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Table II 
Determination of Point of Application of Resultant Airloade on a Wing 

(Ret. GAM 04-217-D) 
1 2 3 4 5 6 7 8 9 10 11 12 IS 14 15 

Strip 
No. y Ay C Cay Rb°&y yRbCAy *ac 3ta0

RbCAy-. z ao C2Ay °Mac CMac<yW 
Ref. <3)*<4) (6)x(g) (2)x(7) (9 )*(7) Ctl)x(7) (4)x(6) M)x(13) 

" 1 

z 

y ^ g(8) = 
(7) 

£ (10)= x = 

c = 

£ ( 1 2 ) 

21(13) 
£ ( 6 ) 

= 21(16) = E(13) 
£ ( 7 ) = 
E ( 6 ) 

Check: •+ 

Wing Area - _JL £ . ( 5 ) 
144 
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RESULTANT FORCES ON BIPLANES. 

1 . The mean aerodynamic center locat ion and the value of the mean aerodynamic 
chord f o r each -wing panel can be found as outlined in CAM 0 4 . 2 1 7 - D . When wing 
f l aps or other auxi l iary high l i f t devices are used the mean e f fec t ive moment 
coef f i c i ent for each wing panel should a l so be obtained. For a given f l i g h t 
condi t ion , the values of CJJ for each wing can be determined from Table I I . The 
locat ion of the mean aerodynamic center of the biplane and the determination 
of the resul tant forces and moments can be accomplished as fo l lows , referring 
to P ig . 2 1 : 

a. The mean aerodynamic center of the biplane oe l lu le l i e s on a s traight 
l ine oonneoting the mean aerodynamic centers of the two wing panels . 
The locat ion on the l ine i s determined from equation ( a ) , F ig . 2 1 . 

b . Assuming that the mean e f fec t ive moment coef f i c i ent i s the same for 
each wing panel , the value of the mean aerodynamic chord for the b i ­
plane i s determined from equation (b) , F ig . 2 1 . 

o . I f the mean e f f ec t ive moment coeff ic ients for the two wing panels are 
d i f f erent in value* the e f fec t ive moment coef f ic ient for the biplane 
can be determined from equation ( c ) , F ig . 2 1 . 

2 . The mean aerodynamic center of a b ip lane , as determined above, i s based on 
the r e l a t i v e values of the normal forces acting on each wing. When the aver­
age normal force coe f f i c i ent for the entire biplane i s near zero , the re lat ive 
loading on the wings var ies over a wide range and the mean aerodynamic center , 
i f determined as outlined ab ove , would in some cases l i e ent i re ly outside of 
the wing c e l l u l e . For the same conditions) however, the chord force c o e f f i c i ­
ents for the wings would be nearly equal , so that the resultant chord force 
would not act at the same point as the resultant normal f o r c e . As the locat ion 
of the mean aerodynamic center i s of interest mainly in balancing and s t a b i l i t y 
computations, the fol lowing approximations and assumptions are permissible: 

a. A s ingle locat ion may be assumed for the mean aerodynamic center for 
a l l the balancing condit ions . 

b . When the invest igat ion of two di f ferent span dis tr ibut ions i s required, 
the more nearly constant span dis tr ibut ion may be used in determining 
the mean aerodynamic center and MAC. 

o . The computations may be made for an average value of CJJ = = 0 . 5 , unless 
the biplane has an unusual amount of stagger or decalage, or i s other­
wise unconventional. 

d . When the use of a s ingle location for the aerodynamic center i s not 
s u f f i c i e n t l y accurate , the computation of the mean aerodynamic center 
f o r the ent ire biplane should be omitted and in balancing the airplane 
each wing should be treated as a separate u n i t . 

BALANCING LOADS. 

GBHER1L. 

* I t w i l l be noted that there i s no . 2 1 8 sect ion in CAR 0 4 . The subject 
of balancing loads h a s , however, been assigned this number in order to 
provide b e t t e r continuity within the Manual. 

C 4 . 2 1 7 - E 

0 4 . 2 1 9 - 1 
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©C=ANGLE OF A T T A C K , DEGREES (SHOWN POSITIVE) * 

/9 .^GLIDING A N G L E , DEGREES 

n = FORGE/W (POSITIVE UPWARD AND REARWARD) 

fll = MOMENT/W (POSITIVE CLOCKWISE A S SHOWN) 

X = HORIZONTAL DISTANCE FROM © (POSITIVE REARWARD) 

h a VERTICAL DISTANCE FROM © (POSITIVE UPWARD) 

ALL DISTANCES ARE EXPRESSED IN TERMS OF THE M.A.C. 

F1G.22 BASIC FORCES IN FLIGHT CONDITIONS 
(REF. CAM 0 4 . 2 1 8 - B ) 

.2-18 



CIVIL AERONAUTICS MANUAL 
04.218-B 

1 . The basic design conditions must be converted into conditions represent­
ing the external loads applied to the airplane before a complete stress analy­
s i s can be made. This process i f commonly referred t o as "balancing1 1 the 
airplane and the f i n a l condition i s referred to as a condition of "equilibrium 1 1 

Actual ly , the airplane i s in equilibrium only in steady unaocelerated f l i g h t ; 
in accelerated conditions both linear and angular accelerations act to change 
the ve loc i ty and attitude of the airplane, " I t i s customary to represent a 
dynamic condition, for stress analysis purposes, as a s ta t i c condition by the 
expedient of assigning to each item of mass the increased foroe -with which i t 
res i s t s acceleration. Thus i f the t o t a l load acting on the airplane in a 
certain direction i s "n* times the to ta l weight of the a irplane , each item of 
mass in the airplane i s assumed to act on the airplane structure in exactly 
opposite direction and with a foroe equal to "n n times i t s weight. 

2 . If the net resultant moment of the air forces acting on the airplane i s 
not zero with respect to the center of gravity , an angular acceleration 
r e s u l t s . An exact analysis would require the computation of this angular 
acceleration and i t s application to each item of mass in the airplane. In 
general, such an analysis i s not necessary except in certain unsymmetriaal 
f l i g h t conditions. The usual expedient in the case of the symmetrical f l i g h t 
conditions i s to eliminate the e f fec t s of the unbalanced couple by applying a 
balancing load near the t a i l of the airplane in suoh a way that the moment of 
the t o t a l force about the center of gravity i s reduced to zero. This method 
is part icularly convenient, as the balancing t a i l load can then be thought of 
either as an aerodynamic force from the t a i l surfaces or as a part of a couple 
approximately representing the angular inert ia forces of the masses of and in 
the a irplane. Considering a gust condition, i t i s probable that angular iner­
t i a forces i n i t i a l l y r e s i s t most of the unbalanced couple added by the gust , 
while in a more or less steady pull-up condition the balancing t a i l load may 
consist ent ire ly of a balancing air load from the t a i l surfaces. 

BAI<&NCING- THE AIRPLANE. 

1 . The following considerations are involved in balancing the airplanes 

a. Pul l "power on" i s assumed for conditions at V^ (Conditions I and I I ) . 
but for conditions at V_ (Conditions I I I and»IV) the propeller thrust 
i s assumed to be zero . 

b . I t i s assumed that the l imit load factors speoified for the basic 
f l i g h t conditions are wing load f a c t o r s . A solution i s therefore made 
for the net load factor acting on the whole airplane. The value so 
determined can then be used in connection -with each item of weight 
(or with each group of items) in analyzing the fuselage . For balanc­
ing purposes the net factor i s assumed to act at the center of gravity 
of the airplane. 

o . Assuming that i t i s possible for a load to b® acting in the opposite 
direction on the e levator , i t i s recommended that the center of 
pressure of the horizontal t a i l be placed at 20 per cent of the mean 
chord of the entire t a i l surface. This arbitrary location may also 
be considered as the point of application of inert ia forces resulting 
from angular acceleration, thus simplifying the balancing process. 

d. In F ig . 22 the external forces are assumed to be acting at four points 
only. The assumption can generally be made that the fuselage drag 
acta at the center of gravi ty . When more accurate data are avai lable , 
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TABU! I l l 

BALANCIHG CCMFUTATIOHS 

(Sse 71g. 2 2 for symbols) 
(Re£ CAM 04.2-18-B3) 

- mph ~ mph 

Ho. Item - I I I I I I 17 

(1) W * gross w i g h t , pounds 

(2) q - .00256 T* 

(5) s - (T) / S 
l-H 

xi 
t o 

(4) q/s - (D / ® 

ro
uj

 

(6) »1 * applied wing load factor 

£ (6) •o*-(S)/<5> 
i-t 
m 
i (7) corresponding to Cjj 

r-i 
CM 

» 
(6) C C 

o (9) 

CA
M

 

(10) 

Se
e (11) C * design moment oo-

•ffioisub 

(12) • (H) x 0 
(15) • t a i l load factor 

(14) • s » -(s) - (l̂ ) » n*t load 
faotor 

(15) iw - - ® - ® - chord 
Joad faotor 

(16) T - ( l ) x ® - t a i l 
load 

21
8-

B
6 

(17) = moment coeff ic ient of 
airplane l ess t a i l 

21
8-

B
6 

(18) ACn = @ - @ 

• 
o 

(19) Am1 = © x @ 

(20) fin3 = © / ( x 3 - x 2 ) 

Se
e (21) AT _ ® x @ 

(22) ! • F + @ 
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the resultant fuselage drag force can of course be computed and 
applied at the proper point . In cases where large independent items 
having considerable drag (such as nacel les) are present, i t i s advis­
able to extend the set-up shown in F ig , 22 to include the additional 

2 . As shown in Fig. 2 2 , a convenient reference axis i s the basic chord-.line 
of the mean aerodynamic wing chord. (The.basic chord l ine i s usual ly specif ied 
along with the dimensions of the a i r f o i l sect ion . ) The determination of the s ize 
and location of the MAC i s outlined in CAM 04.217-D. In determing the ver t i ca l 
location of the aerodynamic center of the MAC (point 1 of Fig. 22) the vert ica l 
posit ion of the MAC in re lat ion to the wing root chord, or other similar re fer ­
ence l i n e , should be considered. 
3 . A tabular form w i l l simplify the computations required to obtain the 
balancing loads for various f l i g h t conditions. A typica l form for this 
purpose i s shown in Table I I I , In using F ig . 22 and Table I I I the following 
assumptions and conventions should be employed: 

a. If known distances or forces are opposite in direct ion from those 
shown in F ig . 2 2 , a negative sign should be prefixed before insert ­
ing in the computations. For instance, in the case of a high-wing 
monoplane, h-2 w i l l have a negative s ign. Likewise w i l l be either 
negative or zero in a l l cases . The direct ion of unknown forces w i l l 
be indioated by the sign of the value obtained from the equations. 
A negative value of n^ w i l l usually be determined from the balancing 
process, indicating a down load on the t a i l . For conditions of 
posit ive acceleration the solution should give a negative value for 
n.2» as the inert ia load w i l l be acting downward. The convention for 
Mj corresponds to that used for moment coef f i c i ents ; that i s , when 
the value of Cjj i s negative m̂  should also be negat ive , indicating a 
diving moment. 

b . A l l distances should be divided by the MAC before being used in. the 
computations. 

c. The-propeller thrust should be assumed to act along the thrust 
a x i s . 

d . The chord load aoting at the t a i l surfaces may be neglected. 

4 . Computation of Balanoing Loads. In Table III" the computation of balanc­
ing loads i s indicated for typical f l i g h t conditions. The equations are 
based on the fac t that the use of the average force coeff ic ients in connec­
t ion with the design wing area, mean aerodynamic chord, and mean aerodynamic 
center w i l l give resultant forces and moments of the proper magnitude, 
direct ion and locat ion. Provision i s made in the table for obtaining the 
balancing loads for dif ferent gross weights. The table may be expanded to 
inolude computations for several loading condit ions, special f l i g h t conditions, 
or conditions involving the use of auxi l iary devices. It should be noted that 
a change in the location of the CG w i l l require a corresponding change in the 
values of x j and hg on Fig . 2 2 . 

a . When the f u l l - l o a d center of gravity pos i t ion i s variable the a i r ­
plane should be balanced for both extreme posit ions unless i t i s 
apparent that only one i s c r i t i c a l . In certain cases i t may a lso 
be necessary to check the balancing t a i l loads required for the 
loading conditions which produce the most forward and most rearward 
center of gravity posit ions for which approval i s desired. , 
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5 . The following explanatory notes refer by number to items appearing in 
Table I I I J 

(3) The wing loading, s , should be based on the design wing area, 

(5) NI = l imit load factor required for the condition being inves t i ­
gated. (See CAR 0 4 . 2 1 ) . 

(8) Determine CQ as specified in CAR 0 4 . 2 1 . See a l so eq . 8 , 
CAM 0 4 . 1 - C . 

(10) Propeller thrus t , F p -.» should be determined from Kq. 1 5 , 
CAM 0 4 . 1-C for conditions at V^. For conditions at Tg assume 
^ 4 = 0 . 

(11) The value of C i s specif ied in CAR 0 4 . 2 1 . For a biplane see 
CAM 04.217-E 0? this b u l l e t i n . See a l so CAM 04.217-D in cases 
involving wing f l a p s . 

(13) The net t a i l load f a c t o r , ng, i s found by a summation of moments 
about point (2) of F ig . 2 2 , from which the following equation i s 
obtained: 

1 1 5 = (xg - xg) [ * l - ^ l h * + n l * 2 + % ( h 4 - * 2 ) ] 

Note: The above explanatory notes apply only when the set-up shown in 
Fig . 22 i s used. I f a different dis tr ibut ion of external loads 
or a different system of measuring distances i s employed, the 
computations should be correspondingly modified. 

6. The preceding paragraphs 1-5 and items 1-16 in Table I I I cover the 
determination of the balancing loads , without consideration for the moment 
-which may be contributed by the fuselage and nace l l e s . The following 
explanatory notes refer by number to items appearing in Table I I I tjfcich 
provide for the determination of t a i l loads with consideration for fuselage 
moment e f f e c t s , as required by CAR 04 .2210 . 

(17) Cjn-fc i s the to ta l moment coef f ic ient about the e .g . of the airplane 
less t a i l , as determined from a wind tunnel t e s t . When such tes t 
resul t s are not available this item can be omitted, as other pro­
vis ions to cover cases of this type are given in item (18) following. 
I t w i l l be noted that this coeff ic ient i s based on the design wing 
area and the mean aerodynamic chord. 

(18) A Cm i s the increment in moment coef f ic ient due to the fuselage and 
nacel le moments, also based on design wing area and mean aerodynamic 
chord. Ihen data on item (17) i s not ava i lab le , _Cm oan be assumed 
equal to - 0 . 0 1 . 

(22) T' i s the t a i l load considering fuselage and nacelle moment e f f e c t s . 
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.22 CONTROL SURFACE LOADS. 

.220 GENERAL. 
1. The requirements for the design of control surfaces as outlined in 
CAR 04.22 are based on the two separate functions of control surfacest 
balancing and maneuvering. The requirements are specified so as to account 
a l so for the e f fects of auxi l iary control devices, gust loads , and control 
forces . 

2 . The average unit loading normal to any surface i s determined by the force 
coeff ic ient CJJ and the dynamic pressure q , as shown by Eq. 13 , CAM 0 4 . 1-C. 
When dealing with t a i l surfaces, i t i s customary to specify the value of CJJ 
for the entire surface, including both the fixed and movable surfaces. The 
t o t a l load so obtained i s then distributed so as to simulate the conditions 
which exist in f l i g h t . In the case of a i l erons , f laps or tabs , the value of 
Cjj i s usually determined only for the particular surface, without reference 
to the surface to which i t i s attached. 

3 . The average unit loading i s usually assumed tp be constant over the span. 
On account of the nature of the chord distribution m c r w specified in e&R 
Figs . 04-4 , 04-5 and 0 4 - 6 , i t w i l l be simpler to aflfiume that tike unit loading 
at the hinge l ine i s constant over the span 

4 . Although there are no specific chord loading conditions for control 
surfaces specified in CAR 0 4 . 2 2 , such surfaces should be designed to wi th­
stand a reasonable amount of chord load in either direct ion. A t o t a l chord 
load equal to 20 percent of the maximum normal load may be used as a separate 
design condition. The distribution along the span may be made proportional 
to the chord, i f desired. Tests for th i s condition are not required unless 
the structure i s such as to indicate the advisabi l i ty ,of such t e s t s . 

.2210 BALANCING (HORIZONTAL SURFACES). 

1 . The balancing loads should be applied to the horizontal t a i l surfaces, 
as the ailerons and the vert ica l t a i l surfaces are used only to a small extent 
for balancing purposes. The use o f the vert ica l t a l l surfaces for balancing 
a multi-engined airplane having one engine dead i s provided for in CAR 04.2220 

2 . An acceptable method for accounting for fuselage and nacelle moments in 
the determination of the balancing t a i l loads i s given in CAM 04.218-B6 and 
CAM 04 Table I I I . When wind tunnel t e s t s have been used in t h i s process 
the t a i l loads T« in Item 22 of this table may be used for design purposes. 
When, however, the - 0 . 0 1 moment increment has been used in l i eu of wind tunnel 
t e s t s to account for fuselage and nacelle moments, the balancing loads to be 
used for design purposes should be taken as either item 16 or item 22 in 
CAM 04 Table I I I , whichever are most severe. This i s to allow for a possible 
range of fuselage and nacelle moment coef f i c ients . 
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3 . The chord d i s tr ibut ion i l l u s t r a t e d i n CAR F i g . 0 4 - 4 i s intended 
to simulate a r e l a t i v e l y high angle of attack condit ion for the 
s t a b i l i z e r , in which very high unit loadings can be obtained near 
the leading edge. The opposite loading required for the e levator 
in the balancing condition provides for the control f o r c e which 
the p i l o t might need to exert to hold the airplane in equi l ibrium. 

4 . In CAR F ig . 0 4 - 4 , the load from the e levator i s shown as a 
concentrated load acting at the elevator hinge l i n e . The hinge 
moment i s , of course, r e s i s t e d by the control system and t h e r e ­
fore does not a f fect the s t a b i l i z e r . I t w i l l be noted i n CAR 
O4»2210(b) that the opposite e levator load, P, may be assumed 
equal to zero when the balancing load i s obtained with f laps 
deflected (Conditions VII and V I I l ) . This i s based on the im­
probabi l i ty of the p i l o t s having to push on the e levator control 
in order t o . obtain balance with f laps down. 

.2211 MANEUVERING- (HORIZONTAL SURFACES) 

1 . The requirements for maneuvering loads outlined in CAR 04 are intended 
mainly t o place the determination of such loads on a speed - force coef f i c i ent 
b a s i s , t o speci fy values which agree substant ia l ly with previous p r a c t i c e , and 
to provide for the e f f ebts of increasingly greater airplane speeds. I t should 
be understood that the method i s designed for appl ica t ion t o conventional a i r ­
planes and that in determining the maneuvering loads the designer should con­
sider the type of service for which the airplane i s t o be used. 

2 . The design values of Cw specif ied in CAR 04 represent coe f f i c i en t s which 
can be attained by def lec t ing the oontrol sur faces , the highest value represent­
ing the largest de f lec t ion of the movable surface expected at the design speed. 
Lower values are used for up loads on the horizontal t a i l surfaces and for the 
v e r t i c a l t a i l surfaces , as the corresponding control forces are expected t o be 
l e ss in these oases . The numerioal values of the coe f f i c i en t s are coordinated 
with the value of the fac tor Kp in the equation for design speed and do not 
represent the maximum coe f f i c i ent s which can be obtained with conventional 
control surfaces . Higher values may be desirable in cer ta in cases , depending 
on the purpose of the a i rp lane . 

3 . Th*> chord d i s tr ibut ion shown in CAR F i g . 04 -5 represents approximately 
the type of loading obtained with the movable surface d e f l e c t e d . For t a i l 
surfaces , t h i s type of loading i s c r i t i c a l for the movable surface and for 
the rear portion of the f ixed surface . 
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F C = CONTROL SYSTEM FORCE 

Ft = TOTAL TAB LOAD 

F e = TOTAL ELEVATOR LOAD 

FIG.23 TAB LOADING CONDITION 

I R E F . CAM 0 4 . 2 2 13) 
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.2212 DAMPING (HORIZONTAL SURFACES) 

1 . When a oontrol surface i s deflected suddenly the f u l l maneuvering load 
tends to bui ld up immediately, after which the airplane begins to acquire 
an angular v e l o c i t y . This angular motion causes the direction, of the r e l a ­
t ive a ir stream over the f ixed surface to change, which causes the a i r load 
on th i s surface to build up in a direct ion such as t o oppose the angular 
rotat ion of the a irplane. This load i s concentrated near the leading edge 
of the f ixed surface and i s commonly referred t o as the damping load. I t 
i s provided for in CAR 04 as a supplementary condition based on the i n i t i a l 
maneuvering condition. The damping load i s o lose ly related in magnitude to 
the i n i t i a l maneuvering load which produces i t , so that i t i s convenient t o 
use the l a t t e r loading condition to determine the damping load on the f ixed 
surface. To avoid the necess i ty for a separate analysis for damping loads , 
the d is tr ibut ion i s made the same as for the balancing loads . In the case 
of the horizontal surfaces , the damping load therefore acts as a minimum 
l imit for the design of the f ixed surface and need not be investigated when 
the balancing load i s c r i t i c a l . 

.2213 TAB EFFECTS (HORIZONTAL SURFACES). 

1 . The loading condition specif ied in CAR 04.2213 i s diagrammatically 
i l lus trated in F ig . 2 3 . This condition represents the case of the tab load 
and the control force both acting so as t o r e s i s t the hinge moment due to 
a i r load on the movable surface. For convenience, the distances and moments 
can be computed for the neutral posit ion of the movable surface and t a b . 
Actua l ly , the tab load w i l l tend to decrease s l i g h t l y when the movable surf­
ace i s def lected , but th is e f f e c t , being small and d i f f i c u l t to determine 
r a t i o n a l l y , can be neglected. 

,2220 MANEUVERING (VERTICAL SURFACES) . 

1 . The comments in CAM 04.2211 in regard t o horizontal surfaces, a l so apply, 
in general , t o the ver t i ca l surfaces. 

2 . I t i s specif ied that the value of V p sha l l not be l e ss than the leve l 
f l i g h t speed with one engine dead. This i s based on the assumption that the 
unbalanced yawing moment present in such a condition w i l l be balanced by the 
v e r t i c a l t a i l surfaces. In some oases i t may be advisable t o increase the 
value of the normal force, coeff ic ient t o account for features such as engines 
which are re la t ive ly far from the plane of symmetry. In estimating the speed 
with one engine dead the following approximate equation may be used: 

Where Vp = speed with one engine dead. 

V, = normal high speed. 

n = t o t a l number of engines. 
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2221 DAMPING (VERTICAL SURFACES). 

1 . The comments of CAM 04.2212 in regard t o horizontal surfaces a l so apply, 
in general , to the v e r t i c a l surfaces. 

2222 GUSTS (VERTICAL SURFACES) 

1 . The following points should be noted in connection with th i s requirement! 

a . ,This gust condition applies only to that portion of the ver t i ca l 
surface 'which has a wel l defined leading edge. The t o t a l e f fect ive 
area for th is condition i s therefore the sum of the f i n and rudder 
areas which l i e behind such leading edge. In cases where the f i n 
f a i r s gradually into the fuselage the leading edge i s considered to 
be we l l defined for those longitudinal seotions through the f i n and 
rudder which have thickness-chord rat ios of . 2 0 or l e s s . For the 
purposes of th is requirement the "fin" i s considered t o include any 
rudder balance area ahead of the extended t r a i l i n g edge of the f i n . 

b . The chord dis tr ibut ion specified in CAR Fig . 04-6 i s applicable to 
those oases In which the mean chords of the e f fec t ive f i n and rudder 
areas are of approximately the same magnitudes. When th is f igure i s 
used i t should be noted that w refers to the average l imit pressure 
over the t o t a l e f fect ive area of the ver t i ca l surface* The t o t a l 
load acting i s therefore equal t o w times the t o t a l e f fec t ive area. 
This load i s , however, applied to the f i n only , in accordance with 
the speoified d i s tr ibut ion . 

c. When the mean chords of the e f fec t ive f i n and rudder areas are of 
considerably different magnitude, the ohord dis tr ibut ion for a 
symmetrical a i r f o i l should be used. This d is tr ibut ion can be obtain­
ed from the curve marked "experimental mean" of F ig . 1 1 , BACA 
Technical Report No. 3 5 3 . 

224 WING FLAPS. 

1 . l a the design of wing f l a p s , the c r i t i c a l loading i s usually obtained 
when the f l a p i s completely extended. The requirements outlined in CAR 04 
apply only when the f laps are not used at speeds above a certain predeter­
mined design speed. As noted in CAR 0 4 . 7 4 3 , a placard i s required to 
inform the p i l o t of the speed which should not be exceeded with, f laps extend­
ed . Reference should be made to current NACA Reports and Notes for acceptable 
f l ap data. 

230 GENERAL. 

1 . In a l l . c a s e s the l imi t loads*for control systems are specified as 125 
per cent of the actual loads corresponding to the control surface l imit 
loading, with certain maximum and minimum control fores l i m i t s . The factor 
of 1 .25 i s used to account for various features , such, ass 

a . Differences between the actual and the assumed control surface load 
distribution.. 

b . Des irab i l i ty of extra strength in the control system t o reduce 
def lec t ions . 

o . Reduction in strength due to wear, play in j o i n t s , e t c . 
301230 0—41—e 
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2 . The maximum control foroe l imi t s are based on the greatest probable 
forces which w i l l be exerted by the p i l o t . These forces can be exceeded 
under severe condi t ions , but the probabi l i ty of th i s occurrence i s very low. 
The ultimate f a c t o r of safety of 1 . 5 , which i s required in any c a s e , w i l l 
permit the maximum l imi t load t o be exceeded for a r e l a t i v e l y short time wi th­
out serious consequences. 

3 . The minimum control force l i m i t s apply only to cases in which the control 
surface l imi t loads are r e l a t i v e l y smal l . The minimum control foroes may be 
applied when the control surfaces are completely u t i l i z e d and are against the 
s tops . 

4 . The requirement of the mult iplying factor of safety of 1 .20 f o r f i t t i n g s 
does not apply in the case of control systems, as the fac tor of 1 .25 provides 
a suf f i c i ent margin and conservative rules are specif ied for determining a l low­
able bearing s tresses in j o i n t s . When the control system i s designed by e i ther 
the maximum or m-i-nimum control forces i t i s a l so unnecessary t o use the extra 
fac tor of sa fe ty f o r f i t t i n g s . 

,234 FLAP AND TAB CONTROL SYSTEMS. 

1 . I t should be noted that the f l a p pos i t ion which i s most c r i t i c a l for the 
f l a p proper may not a l s o be c r i t i c a l for the f l a p control mechanism and 
supporting s tructure . In doubtful cases the f l a p hinge moment can be p lot ted 
as a function of f l a p angle for various angles of at tack within the design 
range. The necessary character i s t i c curves should be obtained from r e l i a b l e 
wind tunnel t e s t s . 

2 . The fol lowing design conditions apply t o crank and twist type controls 
for airplanes c e r t i f i c a t e d in the "Transport" category: 

a. From the cockpit control to the control system stops, tab control 
systems should be designed to withstand the following 1-Sm-i-h loads: 
(1) A torque of 133 inch-pounds applied to ihe control knob in 

the case of twis t contro l s D v 

(2 ) A torque given by the r e l a t i o n T _ 100 R applied to the con­
t r o l wheel or crank in the case o f controls that are not 
operated by a twist ing motion. In th i s category w i l l f a l l 
cranks, l evers , and handwheels with a wel l -def ined rim which 
can be grasped for turnings 

b 0 From the control system stops to the tab, tab control systems 
should be designed to withstand l imi t loads corresponding to 
125 percent of the l i m i t load used for the design.of the t a b a 

In the case of mult iple , tabs or mult iple surfaces each incorporat­
ing a tab , 125 percent o f the l imi t load should be applied to a l l 
tabs simultaneously. 

c . Care should be taken to secure a rugged connection between the tab 
and the i r revers ib l e u n i t . 
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GENERAL. 

1 . Tai l Wheel Type Gear. The basic landing conditions outlined in CAR 04.24 
for conventional land type gear are tabulated in Fig. 2 4 . This chart can be 
used as a summary of the load factors for the landing conditions by inserting 
the actual values used. 

2 . Hose Wheel Type Gear. The following design conditions have been found 
acceptable in certain cases of nose wheel gear. I t i s emphasized, however, 
that a l l unusual features of a particular design should be investigated to 
insure that a l l possible c r i t i c a l loadings have been, considered. See a lso 
CAM 04.340 for a discussion of energy absorption, t e s t s . 

a . Three-Wheel Landing with Vert ical Reactions. The minimum limit load 
i s specified in CAR 04 Fig . 04 -10 , The value of the sum of the 
s tat ic ground reactions shal l be the weight of the airplane less land­
ing gear. The to ta l load shal l be divided between the front and rear 
gear in inverse proportion to the distances, measured paral le l to the 
ground l i n e , from the CG of the airplane less landing gear to the 
points of contact with the ground. The load on the rear gear shal l 
be divided equally between wheels. Loads shall be assumed to be 
perpendicular to the ground l ine in the three-wheel landing at t i tude , 
with a l l shock absorbing units and t i re s deflected to one-half their 
to ta l travel unless i t i s apparent that a more c r i t i c a l arrangement 
could e x i s t . The c r i t i c a l positions of the CG shall be investigated. 
The minimum ultimate factor of safety shall be 1 . 5 , 

b . Three-Wheel Landing with Inclined Reactions. The minimum limit load 
factor i s specified in CAR 04 Fig . 04-10 . The resultant of the 
ground reactions shal l be a force lying in the plane of symmetry and 
passing through the CG of the airplane less landing gear. The basic 
value of the ver t i ca l component of the resultant force shall be equal 
to the weight of the airplane less landing gear. The horizontal com­
ponent shal l be 25 per cent of the v e r t i c a l , acting a f t . The t o t a l 
force shal l be so divided between the front and rear gear that the 
resultant moment acting on the airplane w i l l be zero. The load on the 
rear gear shal l be divided equally between wheels. The shock absorb­
ers and t i re s shal l be deflected to the same degree as in condition a 
above. The o r i t i c a l positions of the CG shal l be investigated. The 
minimum ultimate factor of safetv shall be 1 . 5 . 

o. Two-Wheel Landing with Vertical-Reactions - Nose Up, The minimum limit 
load factor is specified in CAR 04 Fig. 04-10 . The airplane shal l be 
assumed to be in an extreme nose-up at t i tude . The gross weight of the 
airplane less the rear gear shall be assumed to act at the rear -wheels 
in a direction perpendicular to the ground l i n e . The to ta l load shal l 
be divided equally between the two rear wheels. The resultant moment 
on the airplane shal l be balanced by inertia forces . The shock absorbers 
and t ires shal l be deflected to the same degree as in condition a above. 
The minimum ultimate factor of safety shall be 1 . 5 . 
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LANDFLANE LAUDING CONDITIONS 
FOE TAIL WHEEL TYPE GEAR (SEE CAR 0 4 , 2 4 ) 

CONDITION LEVEL S*POINT SIDE ^ ONE-WHEEL L A N D I N G ^ BRAKED 

REFERENCE CAR 0 4 . . 3 4 1 .242 . 2 4 3 • 2 4 4 • 2 4 5 

LOAD FACTOR n ^ 
( L i m i t ) 

p , « n + 9000 ( 3 ) 
W + 4 0 0 0 

3 . 0 0 + 0 . 1 3 3 ( W / S ) 

Same as L e v e l . 6 6 7 , 5 L e v e l 1 . 3 5 

ATTITUDE P r o p e l l e r A x i s 
H o r i z o n t a l 

3 - P o i n t 3 - p o i n t ( 4 ) . P r o p e l l e r A x i s 
H o r i z o n t a l 

S - P o i n t ^4) 

VERTICAL COMPONENT m ^ nw(5) (?) nv (6) nW (S) nW ( 5 ) 

REARWARD COMPONENT R e s u l t a n t 
Thru CG 

Zero . 6 5 nW R e s u l t a n t ^ 7 ^ 
Thru 

CG (S ide View) 

. 5 5 V e r t i c a l 

SIDE COMPONENT Z e r o Z e r o *W ( inward) Zero Zero 

SHOCK STRUT DEFLECTION 60% T r a v e l ^ 50% T r a v e l ( 9 ) S t a t i o P o s i t i o n 5 0 # T r a v e l 50?. T r a v e l 

TIRE DEFLECTION EOjS 50jS 25% 50% 

( 1 ) OoBponflnta a c t on one wheal o n l y . ( 6 ) W i s g r o s s weight l e s s wheels and c h a s e ! * . 
( 2 ) Need n o t exeeed 4 . 3 3 . ( 6 ) W i s g r o s s w e i g h t . 
( 3 ) Use smaller v s l u * .See a l s o Note ( 2 ) above- ( 7 ) D i s t r i b u t e d t o wheels and s k i d s o t h a t moments 
( 4 ) R e a c t i o n at t a i l e q u a l s e e r o . about CG equa l s z e r o . 

( 8 ) Need n o t exceed Z5% v e r t i c a l component. 
( 9 ) Unless apparent more c r i t i c a l c o n d i t i o n s e x i s t s . 
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d . Two-Wheel Landing with Inclined Reactions - Nose up. The minimum l imit 
load fac tor i s specif ied in CAR 04 Fig . 0 4 - 1 0 . The airplane sha l l be 
assumed to be in an extreme nose-up a t t i t u d e . The resultant force shal l 
be determined in the same manner as in condition b above except that 
the gross weight of the airplane less the rear gear shal l be used. The 
t o t a l load sha l l be divided equally between the two rear wheels. The 
resultant moment on the airplane shal l be balanced by inert ia f o r c e s . 
The shock absorbers and t i r e s shal l be deflected to the same degree as 
in condition a above. The minimum ultimate factor of safety sha l l be 
1 . 5 . 

e . Two-Wheel Landing with Inclined Reactions - Nose down. The minimum 
l imi t load factor i s specif ied in CAR 04 F ig . 0 4 - 1 0 . The airplane 
sha l l be assumed to be in a nose-down att i tude with the front wheel 
just, off the ground. The resultant force shal l be determined in the 
same manner as in condition b above except tiiat the weight of the a i r ­
plane l ess the rear gear shal l be used. The to ta l load shal l be 
divided equal ly between the two rear wheels. The resultant moment on 
the airplane sha l l be balanced by inert ia forces . The shock absorb­
ers and t i r e s sha l l be deflected to the same degree as in condition a 
above. The c r i t i c a l pos i t ion of the'CG shal l be invest igated. The 
minimum ultimate factor of safety shal l be 1 . 5 . 

f . Two-Wheel Landing with Brakes - Nose down. The minimum l imit load 
factor sha l l be 1 . 3 3 . The airplane shal l be assumed t o be in a nose-
down att i tude with the front wheel just off the ground. The gross 
weight of the airplane l ess the rear gear sha l l be assumed to act at 
the rear wheels in a d irect ion perpendicular to the ground l i n e . In 
addi t ion , a horizontal a f t component equal t o .55 times the v e r t i c a l 
shal l be applied at each wheel at the points of contact with the 
ground. The t o t a l load shal l be divided equally between the two 
rear wheels . The resultant moment on the airplane shal l be balanced 

by inert ia f o r c e s . The t i r e s shal l be assumed t o have deflected not 
more than one-quarter the nominal diameter of the ir cross -sect ion , 
and the def lec t ion of the shock absorbers shal l be the same as in 
condition a above. The minimum ultimate factor of safety shal l be 1 . 5 . 

g. Side Dr i f t Landing, The minimum l imit load factor i s specif ied in. 
CAR 04 F ig , 0 4 - 1 0 . The att i tude of the a irplane , the ver t i ca l comp­
onents of the landing gear react ions , and the def lect ions of the 
shock absorbers and t i r e s sha l l be the same as in condition a above. 
In addi t ion , a horizontal a f t component and a side component, each 
equal t o .25 times the v e r t i c a l component, shal l be applied at each 
wheel at the points of contact with the ground. The resultant moment 
on the airplane shal l be balanced by inert ia forces . The minimum 
ultimate fac tor of safety shal l be 1 . 5 . 
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h. Side Drift Landing -with Brakes, The minimum, l imit load factor shall "be 
1 , 0 , The attitude of the airplane, the s ta t ic ground reactions on the 
front and rear gear, and the deflections of the shock absorbers and 
t i re s shall be the same as in condition a above. The to ta l load on 
the rear gear sha l l , however, be applied ent ire ly on one -wheel,, In 
addition, a side component equal to .75 times the vert ica l component 
shal l be applied at each wheel at the points of contact with the 
ground. The side load at the rear wheel shal l be assumed to act in­
ward and the side load at the nose wheel shal l be assumed to act In 
the same direct ion. A horizontal aft component equal to ,55 times the 
vert ica l component shall be applied at the point of contact with the 
ground of each wheel equipped with brakes. ( I t should be noted that one 
rear wheel i s not loaded). The resultant moment on the airplane shall 
be balanced by inertia forces . The minimum ultimate factor of safety 
shall be 1 . 5 , 

i . One-Wheel Landing. An investigation of the fuselage structure Is 
required for a one-wheel landing in which only those loads obtained on 
one side of the fuselage in condition e above are applied. The resul t ­
ing l imit load factor i s therefore one-half of the minimum limit load 
factor specified in CAR 04 Fig. 04-10 . (This condition i s identical 
with condition e above insofar as the- landing gear structure is concern­
e d ) . The minimum ultimate factor of safety shal l be 1 . 5 . 

S e Ski Gear. As noted in CAR 04.2410 the ground loads for ski gear 
are the same as for wheel gear. However, the strength of skis and 
ski pedestals must be substantiated in accordance with the require­
ments of CAR 1 5 . 1 2 . See also CAM 1 5 , 1 2 . Approval of ski i n s t a l ­
lations' i s covered in CAM 04.061> The Canadian ski gear requirements, 
which are of interest t o manufacturers contemplating export to 
Canada, are l i s ted in Inspection Handbook, Chapter X I I « . 

4 . Speoial Considerations. When lower limit and ultimate load factors are 
used under the provisions of CAR 0 4 . 2 4 0 , adequate provision should be made 
to likewise hold the taxiing accelerations to lower values. Consideration 
should also be givea to the fact that with such gear there i s a tendency to 
make landings with a higher rate of descent than is common with gear develop­
ing higher factors . . When lower factors are used in the case of rubber shock 
absorbers, speoial rulings should be obtained from the Secretary. When lower 
factors are used with oleo type gear the following practice has been found 
acceptable* 

a. Such lower design load factors should never be less than one 
half the conventional values. 

b . A margin between the design load factor and the load factor 
developed in the drop test should be shewn. This margin 
should be at least 20 per cent (of the design load factor) 
at the one half value noted in a above, and may decrease 
l inearly to zero.as the conventional design load factors are 
reached. 

c. The use of such lower ultimate load factors should be jus t i f i ed 
by drop tests in which the complete landing gear i s used. 
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The provisions of a and b above can be expressed by the formulas given 
below. The maximum permissible developed load factor i s 

n, = 2 e < > d , 
1 3n D -n 

and the minimum required ultimate load factor for use in the analyses i s 

2 u 0

+ n l 

but n should not be less than 0 . 6 n o , where 

n Q = ultimate load factor (Value from CAR 
Pig. 04-10 times 1 . 6 ) , 

n = minimum required ultimate load factor 
for use in the ana lys i s , 

n^ = maximum permissible load factor developed 
in the drop t e s t . . 

.2411 ENERGY ABSORPTION. 

1 . The de f in i t ion of s ta l l ing speed V s used in drop height calculations i s 
given in CAR 0 4 . 1 1 5 . I f accurate f l i g h t t e s t data for the airplane in 
quest ion, or for a very similar a irplane , are ava i lab l e , such data may be used 
as a bas i s for calculat ing the power-off s t a l l i n g speed. However, the deter­
mination of speeds in the f l i g h t t e s t s used in this connection should not 
involve an extensive extrapolation of the airspeed ca l ibrat ion . See a l so 
CAM 0 4 . 3 4 0 . 

.2420 ENERGY ABSORPTION. 

1 . See CAM 04 .340 for general discussion. 

.243 SIDE LOAP. 

1 . This condition represents a loading such as would be obtained in a ground 
loop. 

244 ONE "WHEEL LANDING. 

1 . This condition represents the "whipping" condition obtained in e i ther of 
the two fol lowing oases: 

a* The airplane str ikes the ground with one wheel only. The i n i t i a l 
loading i s such as to produce a r e l a t i v e l y high angular acce lerat ion, 
which i s res i s ted by the angular inert ia of the airplane about i t s 
longitudinal axis through the center of gravi ty . 

b . After s tr iking the ground on one wheel, or after a landing with 
considerable side load, the airplane has acquired an angular ve loc i ty 
about i t s longitudinal axis and tends t o r o l l over on one wheel. By 
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the time the opposite -wheel i s clear of the ground, any appreciable 
side load w i l l probably have disappeared, so that the one-wheel land­
ing condition can be used again without modification. Any tendency 
to continue ro l l ing after the load has been transferred ent ire ly to 
one wheel w i l l not "be l ike ly to increase the load on that wheel, as 
the kinetic energy of rotation w i l l be converted into potential energy 
by the r ise of the center of gravity. 

2 . This condition does not require an additional investigation of the landing 
gear structure as the loads are the same as in level landing. 

SIDE LOADS ON TAIL WHEEL OR SKID. 

1 . I t i s required that suitable assumptions shal l be made t o cover side loads 
acting on t a i l skids or t a i l wheels which are not free to swivel or which can 
be locked or steered by the p i l o t . In such cases i t w i l l be sat i s factory to 
consider a side load acting alone and having a l imit value equal to one- 1 

fourth the l imit load acting on the t a i l skid (or wheel) in the three point 
landing condition ( CAR 0 4 . 2 4 2 ) . This side load should act normal to the 
plane of symmetry at the center of contact of the skid (or wheel) and the 
ground. The attitude of the airplane and the deflections of the t i r e and 
shock absorber unit should be assumed the same as in the three point landing 
condition. The minimum ultimate factor of safety should "be 1 . 5 . 

2 . I t i s a lso recommended that this side load condition be applied t o swive] 
ing t a i l wheel units with the modification that the wheel is assumed to be 
rotated 90 degrees from the plane of symmetry and the side load to be applied 
through the center of the ax le . 

GENERAL. 

1 . The basic water landing conditions are tabulated in F ig . 2 6 . This chart 
can be used as a summary of the load factors for the landing conditions by 
inserting the actual values used. 

2 . The landing conditions outlined for f loat seaplanes correspond-, in genenal, 
to the conditions used for landplanes. These conditions apply to conventional 
f l oa t instal lat ions and in such cases w i l l provide a suff ic ient range of load­
ings . When unconventional types of f l oa t bracing are employed I t may be advis­
able to investigate other landing at t i tudes , depending on the type of loading 
which appears to be most c r i t i c a l for the structure. 

3 . In certain landing conditions a higher value of the minimum factor of 
safety i s required for some portions of the structure. This i s primarily 
for the purpose of obtaining greater r i g i d i t y and to provide for possible 
variations in the load dis tr ibut ion. In general, whenever the to ta l factor 
of safety i s 1.80 or greater, no further increase i s required for f i t t i n g s . 
(See CAR 04 Table 04-7)« I t may be advisable, however, to use an increased 
factor for f i t t i n g s which are highly stressed or subjected to reversal of 
loading, in order to provide for the e f f e c t s of stress concentration, fat igue, 
and wear at j o i n t s . 
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SEAPLANE LANDING CONDITIONS 
See CAR 04.25 

COMPOHEHT FLOAT^ 

COMDITIOH Inclined 
Seaotioa 

Tertioal 
Eeaetion 

Side 
Landing 

BEFEBENCE CAR 04 .2S1 .262 •£53 

n (Unit) 4.53 4.0 

VERTICAL HEACTIOH nw nW & nV («• 

HBAHHARD EEACTIOIT 3/4 Vertical 0 0 

SIDE BBACTIOH 0 0 3/4 Tertioal 

HESULTAHT Through CO Less Floats 
and Braoiag 

In plane through 
OG and perpendicular 
to propeller axis 

FACTOR OP SAFETY 
1,50 W 

1.60 

ATTITUDE Propeller axis or reference line horizontal 

(1) For float requiremente see CAR 04.257 and CAR 15 .11 
(2) H«od not euwd 3.00 + a53(W/fej. 
(5) W Is gronB weight less floe-te and bracing. 
(4) For float attachments and fuselage earry-*thru members. 
(5) For remaining structural members. 

FIG. 25 SEAPLANE LANDING CONDITIONS 
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3 . In those cases when i t would be otherwise unnecessary to 
calculate the moment of inertia of the airplane about i t s la tera l 
ax i s , the specified condition may be replaced by a simplified 
loading by making some conservative assumptions. To simplify the 
computation of inert ia loads, an 'average' l inear acceleration 
factor can be used. The approximate method then consists of 
applying to the keel at a point one-tenth of the distance from 
the bow to the step a load equal to n^ ¥ e - W e and computing 
the inert ia load3 over the forward portion of the hull by using a 
load factor of 0 . 6 5 ^ applied ver t i ca l ly , together with a hori­
zontal component of 0 . 5 0 n b . This would result in an unbalanced 
bending moment and shear by the rearward portion of the hu l l . 
Since this condition i s not l i k e l y to be c r i t i c a l for the rearward 
portion of the structure, these unbalanced forces and moments 
need not be applied to the rear portion for design purposes* The 
•simplified* system for the bow loading condition i s i l lustrated 
by Fig. 25b. 

4* The use of a horizontal component of .501^ in the 'simplif ied 1 

bow loading condition insures adequate forward-acting inertia 
loads for loca l design. 

5* To avoid excessive local shear loads, the water reaction may 
be distributed over the hull bottom. The area to be used i n 
determining pressures ( for comparison with those specified i n 
GAR 04 .2541(a) ) should be the projected area of the hull bottom 
on a plane which i s normal to the resultant water load, and 
which intersects the bottom of the keel at a point one-tenth of 
the distance from the bow t o the step. 

.2544 STERN LOADING, CONDITION 

1 . To simplify the computations and to decrease the amount of 
work required, the area to be used with the pressures specified 
in GAR 04.2541(a) may be taken as the projected area of the hull 
bottom on the plane defined in CAM 04 .2542-3 , 

.2545 SIDE LOADING CONDITION 

1 . In oases where the specified condition appears to y ie ld un­
reasonable resu l t s , alternative procedures may be used, subject 
to acceptance by the Administrator. 

2 . To avoid excessive l o c a l shear loads, the water reaction may 
be distributed over the hull bottom. The area to be used in deter­
mining pressures ( for comparison with those specified in CAR 04.2541(a)) 
should be the projected area of the hull bottom on the plane defined 
i n CAM 04 ,2542-3 . The load to be used in determining pressures 
should be the vertical component of the resultant load. 
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.2542 STEP LOADING CONDITION 

1 . The loca l and distributed pressure requirements are intended 
to take care of the hull bottom as such, and therefore i t i s 
not too important to correlate the maximum impact factor "with 
bottom pressure. This i s further j u s t i f i e d by the fact that the 
maximum impact factor does not occur unt i l a considerable portion 
of the bottom has been submerged, at which time the bottom pres­
sures have dropped considerably below the maximum values l i k e l y 
to be obtained l o c a l l y . 

2 . The step loading condition i s c r i t i c a l for the hull in shear 
and bending, and also may produce maximum downward inertia loads 
from nacel les , e t c . The calculations can be considerably s impli ­
f ied i f the resultant load i s assumed to pass ver t i ca l ly through 
the center of gravity . Although the load may act at some point 
other than the e .g . and may actual ly be inclined rearward, these 
refinements w i l l have very l i t t l e ef fect on the shears and bend­
ing moments in the hul l structure and may therefore be neglected. 
In order to provide adequate strength against forward inert ia 
loads coming from Tilings, nacel les , e t c . , a rearward acting load 
i s included i n the bow loading condition. 

3 . To avoid excessive l oca l shear loads and bending moments 
near the point of water load application, the water load may be 
distributed over the hull bottom. The area to be used in deter­
mining pressures ( for comparison with those specified in CAR 
04 .2541(a) ) should be the projected area of the hull bottom on 
a horizontal plane which intersects the bottom of the keel at 
the front step. 

.2543 BOW LOADING CONDITION 

1 . The most severe upward shear loads and bending moments for 
the forward portion of the hull structure are probably caused by 
an impact load near the bow. Such a loading condition i s l i k e l y 
to be obtained in landing or in take-off from rough water. A 
simplified procedure to cover this condition i s discussed below. 
More rational methods may, of course, be used, subject to acceptance 
by the Administrator, 

2 , Considering the arbitrary nature of the hull loading condi­
t ions , i t seems reasonable to dispense with numerous refinements 
i n specifying the loading condition and to apply a -.concentrated 
load at some specified point in an arbi trar i ly chosen direction. 
Therefore., the bow impact load i s applied to -the k e « l at a point 
one-tenth of the distance from the bow to the step, and in an 
upward and rearward direction at an angle of 30° from the ver t i ca l . 
See Figure £5a. As this loading condition w i l l produce a combi­
nation of vert ica l horizontal, and. angular accelerations, a l l 
items of weight w i l l produce inert ia loads accordingly. 
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.2540 LOCAL BOTTOM PRESSURES 

1 . Since i t I s assumed that l o c a l pressures are applied only 
over a l imited area at any instant , i t i s necessary to set up 
some value for such an areao Any solut ion to th i s problem w i l l 
necessar i ly be an arbitrary one, there fore , i t i s des irable to 
oonsider the pract i ca l side of the p i c t u r e 0 I f the designer i s 
held s t r i c t l y to a certain shape and size o f loaded area, i t 
might complicate the structural analysis problemo To avoid t h i s , 
a more f l e x i b l e requirement i s set up to the e f f ec t that the area 
shal l be taken such as t o cause the greatest l oca l s tresses in 
the adjacent s tructure . In no ease need t h i s area exceed a 
value of 2 o 0 square f e e t . 

2 . To i l l u s t r a t e the above, i f a conventional p la te - s tr inger 
bottom i s used, the area could be taken as that determined by 
the s tr inger and frame spacing. This would be c r i t i c a l for the 
p l a t e . To check the stringer and the attachment of the stringer 
to the frame, and to produce a maximum l o c a l load on the frame, 
the pressure would be applied to one str inger over an area of the 
same va lue , assuming the re su l t ing load to be r e s i s t e d ent i re ly 
at the s tr inger attachment. 

3 . There have been several f a i l u r e s in actual pract ice of 
various h u l l components due to negative pressures a f t of the 
front stepo However, since data concerning negative pressures 
are so l imi ted , i t i s not deemed advisable t o specify any 
design c r i t e r i a for t h i s condit ion. 

.2541 DISTRIBUTED BOTTOM PRESSURES 

1 . Although the bottom plat ing and str ingers w i l l be designed 
by l o c a l pressure, major members such as cross-frames and "the 
keel w i l l be c r i t i c a l when larger areas are loaded. Water 
t e s t s indicate that average pressures over r e l a t i v e l y large 
areas are considerably l e s s than the "peak" l o c a l pressures° 
The requirement for d i s tr ibuted pressure cons is ts of applying 
simultaneously over the ent ire hu l l bottom one-half of the 
pressure values required for loca l pressures . 

2» The d i s tr ibuted pressure requirements are not intended to 
design the shel l structure of the hu l l ( s ides in shear, e t c . ) 
but apply to bel t frames, kee l s , bulkheads, and the attachment 
of the cross frames to the s ides of the hu l l s tructure . 

3 . See CAM 0 4 . 2 5 4 0 - 3 . 
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SEAPLANE LANDING CONDITIONS 
See CAR 04 .25 

COMPOHEHT FLOAT^ 

COBDITIOH Inclined 
Reaction 

Vertical 
Reaction 

Side 
Landing 

REFEBEHOE CAR 04 ,251 .262 .265 

n (Limit) 4 . 2 0 ^ 4.33 C«J 4*0 

VERTICAL REACTIOH nW <5> *T & 

SBMUBD SEkCTlOS 1 / 4 Vertical 0 0 

SIDE EEACTIOH 0 0 3/4 Vertleal 

RESULTANT Through CO Loss Floats 
Mid Bracing 

In plane through 
CG and perpendioular 
to propeller axis 

FACTOR OF SAFETY 1.86 W 1.60 

ATTITUDE Propeller axis or reference line horizontal 

(1) Per float roquirraerrfea gee CAR 04.257 and CAR 15 .11 
(2) Seed not «MMd 3.00 + a35(VJSh 
(3) W is gross weight lose floats and bracing. 
(4) For float attachments and fttaelage carry—thru neuters. 
(5) For remaining structural Members. 

PIG. 25 SEAPLANE LANDING CONDITIONS 



CIVIL AERONAUTICS MANUAL 

F I G . 2 5 a A P P L I C A T I O N O F B O W L O A D 

EXTERNAL 
(WATER) 
LOADS 

INTERNAL 
(INERTIA) 
LOADS 

( b ) 

F I G . 2 5 b S I M P L I F I E D B O W L O A D I N G C O N D I T I O N 
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.266 RIGGING LOADS. 

lo The requirementS are based on the necess i ty for proportioning wire 
s izes so as to prevent an excessive load being produced in any wire while 
rigging any other wire . They provide for an average r igging load of 20 
percent. This means that when the maximum allowable r a t i o of r igging loads 
(two to one) ex i s t s between two wires , one w i l l be assumed to be r igged t o 
1 3 . 3 percent, the other t o 26<>7 percent. I f a larger r a t i o were permitted, 
such as three to one for instance, there would be a p o s s i b i l i t y of obtaining 
an excess ively high rigging load in one wire while r igging the other to a 
r e l a t i v e l y low porcentage of i t s rated loado 

2o A spec i f i c example o f the appl icat ion of these pr inc ip les to an airplane 
wixtg i s found in a biplane ce l lu le in which l i f t wires are used for both 
front and rear spars, but which has only one landing wire (or pair of w i r e s ) . 
In such a case the landing wire must act as a counter wire for a l l of the l i f t 
wires o This means that a r e l a t i v e l y high load imist be supplied by the landing 
wire to counteract normal rigging loads in the f ly ing w i r e s . To meet the 
requirement as t o the maximum allowable r a t i o of r igging loads i t i s there­
fore necessary'to use a large landing wire, even though i t s design load from 
the f l y ing conditions i s comparatively s m a l l . In t h i s example i t w i l l also 
be noted "that the drag truss wires may be loaded by rigging the f l y i n g w i r e s . 
Obviously, the drag truss wires should be strong enough to prevent excessive 
rigging loads from being bu i l t up . 

.271 FITTINGS. 

1 . As noted in the requirement a f i t t i n g i s so defined as to include the 
bearing on the connected par t s . This includes the bearing of b o l t s on spars. 

,272 CASTINGS. 

1 . The addit ional ultimate factor of sa fe ty for cast ings i s t o account' f or 
the reduction in strength due to internal imperfections and a l so for the 
difference between the actual physical properties of the casting and the 
properties of cast t e s t bar s . I t should be noted that when th i s fac tor i s 
used, the 50% s tress reduction specif ied in ANC-5 for casting materials may 
be disregarded. Consideration w i l l be given to reduction in the specif ied 
ultimate factor of safety when suitable means of internal inspections are 
used and when, in addi t ion , i t can be shown that such means of inspection 
w i l l resul t in the acceptance for use of only those cast ings having a 
def in i te value of minimum strength at the c r i t i c a l s ec t ions . 
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74 WIRES AT SMALL ANGLES. 

1 . The requirement i s based on the fac t that a decrease in the ang le , between, 
a l i f t wire and a spar, w i l l great ly increase the def lect ion for a given loading. 
The formula used i s so adjusted as t o maintain, approximately, the def lec t ion 
which would be obtained f o r a 30 degree angle between the wire nvd the spar . 
I t w i l l be noted that the value of K becomes 1 .0 when the angle i s 30 degrees. 
Since E approaches i n f i n i t y as the angle approaches zero , i t w i l l be found 
impractical t o design wire-braced structures for small angles between the 
wires and the members which they support. 

77 CONTROL SURFACE HINGES AND CONTROL SYSTEM JOINTS. 

1 . I t w i l l be noted that i t i s unnecessary to prove the ultimate strength of 
b a l l and r o l l e r bearings i f the l imit load does not exceed the manufacturer's 
non-Brinel l r a t i n g . I f , however, the ultimate fac tor of safety of the bear ­
ing i s proved, consideration w i l l be given t o the use of a y i e l d fac tor of 
sa fe ty of l e s s than 1 .0 with respect t o the manufacturer's non-Brinell rating 
provided that such use i s substantiated by t e s t s . 

'9 1 . The purpose of the requirement i s t o provide addit ional strength for 
that port ion of the wing structure T*i ich transmits the main landing gear 
react ions t o the fuse lage . I t applies to a l l parts of the wing af fec ted , 
including f i t t i n g s of a type the f a i l u r e of which mould impair the strength 
of the wing i n f l i g h t . 
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PROOF OF STRUCTURE. 

300 1 . Acceptable methods for computing the allowable loads and stresses corres­
ponding to the minimum mechanical properties of various materials are given 
in the Army-Navy-Commerce Publication ANC-5, "Strength of Aircraft Elements", 
obtainable from the Superintendent of Documents, Washington, D . C . , for 5 5 ^ . 

Dl COMBINED STRUCTURAL ANALYSIS AND TESTS. 

1 . The results of load t e s t s as referred to in the requirement may be 
interpreted as the results of t e s t s on similar structures when such t e s t s 
are appl icable . 

322 1 . Detailed recommendations as t o acceptable methods of conducting structural 
t e s t s are contained in Inspection Handbook, Chapter V I I I , "Test Procedure". 

2 . Since i t i s required that the determination of t e s t loads, the apparatus 
used in t e s t s , and the methods of conducting te s t s shal l be sat i s factory to 
the Administrator, i t i s strongly recommended that , in the case of structural 
t e s t s on a l l major u n i t s , the above items be f u l l y covered by a report sub­
mitted to and approved by the Administrator before the actual t e s t s are conducted. 

L PROOF OF WINGS 

A DETERMINATION OF SPAR LOADING 

1 . The following method of determining the running load on the spars of a 
two-spar, fabric-covered wing has been developed to s implify the calculations 
required and to provide for certain features which cannot be accounted for in 
a less general method. I t w i l l usually be found that certain items are 
constant over the span, in which case the computations are considerably 
s impl i f ied . 

2 . The net running load on each spar, in pounds per inch run, can be obtained 
from the following equations1 

y f = | } C K ( r -a ) + C M } q + D , e ( r - J ) ] C 

l> J J 144 b 

y r = f{CN ( a - f ) - dfel q .+ n 2 e ( J - f ) ] C 
*- 144 b 

Where y^ = net running load on front spar, lbs / i n c h . 
y r = net running load on rear spar, lbs / i n c h , 
a , b , f , j , and r are shown on Fig . 26 and are 
a l l expressed as fract ions of the chord at the 
stat ion in question. 

3 0 1 2 3 0 O — 4 1 7 
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TABLE IV 

COMPUTATION OF NET UNIT LOADINGS (CONSTANTS) 

(Ret, CAM 04.32-AS) 

Stations Alone Span 

7 

8 

9 

H O 

Distance from root , inches 

C«/ l44 - (chord in inches) / 1 4 4 

f, fraction of chord 

_ H FT « 

b - r - f 

6 a, F R A C T I O N O F C H O R D ( A . C . ) 

e » unit wing W T . , l b s / s q . f t . * 

R - A = 0 - ® 

a - F 

11 r - j « 0 - < 7 ) 

12 J - F - © - ( D 

13 C-/144 b - ® / © 

* These -values w i l l depend on the amount of disposable 
load carried in the wing* 

3-2 
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(Notes the value of n a " must agree with the value on which C j ^ i s 
based,) 

q 9 dynamic pressure for the condition being invest igated. 

CJJ and Cj^ are the a i r f o i l coeff ic ients at the section in question. 

C* i s the wing chord, in inches. 

e i s the average unit weight of the wing, in pounds per square f o o t , over 
the chord at the s tat ion in question. I t should be computed or estimated 
for each area Included between the wing stat ions invest igated, unless 
the unit wing weight Is substant ia l ly constant, in which case a constant 
value may be assumed. By properly correlating the values of e and j , 
the e f fec t s of loca l weights, such as fue l tanks and nadel les , oan be 
d irec t ly accounted f o r . 

Dg i s the net l imi t load factor representing the inert ia e f fect of the 
whole airplane acting at the CO. The inert ia load always acts in a 
direct ion opposite to the net a ir load. For pos i t ive ly accelerated 
conditions n% -will always be negat ive , and vice versa . I t s value 
and sign are obtained in the balancing process outlined in CAM 0 4 . 2 1 8 . 

3 . The computations required in using the above method are outlined in 
Tables IT and V , in a form which i s convenient for making calculations and 
for oheoking. The following modifications and notes apply to these tab les : 

a. When the curvature of the wing t i p prevents the spars from extending 
to the extreme t i p of the wing, the e f fec t of the t i p loads on the 
spar can e a s i l y be aocounted for by extending the spars to the 
extreme span as hypothetical members. In such cases the dimension 
( f ) w i l l become negative, as the leading edge w i l l l i e behind the 
hypothetical front spar. 

b . The loeal values of C^, item.14, are determined from the design value 
of CJJ in accordance with the proper span distr ibution curve. F ig . 18o 
Is used for th i s purpose, together with the value of T£_ obtained for 
th i s f i g u r e , as outlined in CAM 04.217-D. 

c . Item 15 provides for a variat ion in the loca l value of Cj£, For 
Condition I , the value of C M should be determined from the design 
value of C P by the following equation, using item numbers from 
Tables 17 and Yt 

e . 

d . Uhen conditions with deflected f laps are invest igated, the value of 
CJL o^61" the f lap portion should be properly modified. For most 
otner conditions Cj^ w i l l have a oonstant value over the span. 
It w i l l be noted that the gross running loads on the wing structure 
can be obtained by assuming e t o be zero , in which case items 1 9 , 
25 and 30 beoome zero , yj. becomes @ x @ , yr becomes @ x and 
yQ becomes <H> x(|X 
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TABLE V 

COMPUTATION OF NET UNIT LOADINGS (VARIABLES) 
(Ref. CAM 04.31-A3) 

CONDITION — — 

4 C» or C P , 
M 

(Refer also t o Table IV) 
Distance b from root 

(Refer also t o Table IV) 

14 

15 

° * » " ^ ( e t c ) * V*b 

C||^ (variation -with span) 

16 © x ® 

17 © • © 
I 
to. 

t 

18 

19 

© * q 

He x © x @ 

8 20 

21 

® + @ 

y f = @ x @ , lbs/ inch 

22 ® x ® 

23 @ - © 
b 24 @ x q 

R
ea

r 
Sp

i 

25 

26 

27 

na x ® x @ 

@ + @ 

y r - @ x @ , lbs/ iaeh 

28 C c (variation with span) 

29 @ * <L J 90 

31 

32 

@ + ® 

y d » ® x ( | ) , lbs/ inch 
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B DETERMINATION OF RUNNING CHORD LOAD 

1 , • The net ohord loading, in pounds per inch run, oan be determined from 
the following equation: 

y0 = [cc i + %2

 e ] c ' / 1 4 4 

Where y c = running ohord load, lbs / inch 
C = chord coeff ic ient at each s tat ion . The proper 

sign should be retained throughout the computations, 
q = dynamic pressure for the condition being investigated, 

n^g = net l imit chord load factor approximately representing 
the inertia e f fect of the whole airplane in the chord 
d irec t ion . The value and sign are obtained in the 
balancing process outlined in CAM 0 4 , 2 1 8 . Note that 
when Cq i s negative, n X 2 w i l l he pos i t i ve , 

e and C1 are the same as in CAM 0 4 . 3 1 - A 2 , ~ 

2 , The computations for obtaining the chord load are outlined in Table V, 
Items 28 to 3 2 , The following points should be noted: 

a . The value of CQ , item 2 8 , oan usually be assumed t o be constant over 
the span. The only variat ion required i s in the case of partial-span 
wing f laps or similar devices. 

b . The re lat ive looation of the wing spars and drag truss w i l l af fect 
the drag truss loading produced by the chord and normal a ir f o r c e s . 
This can eas i l y be accounted for by correcting the value of CQ as 
indicated in CAM 04,129-A2 and Fig , 1 0 . 

3 , I t i s often neoessary to consider the loca l loads produced by the propeller 
thrust, and by the drag of items attached t o the wing. The general rules 
concerning these items are outlined in CAM 04 .217-C, The drag of naoelles 
b u i l t into the wing i s usually so small that i t oan be safe ly neglected. The 
drag of independent naoelles and that of wing-tip f l o a t s can be computed by 
using a rat ional drag coeff ic ient or drag area in conjunction with the design 
speed. The beam and tors ional loads applied to the wing through the attach­
ment members should also be considered in the ana lys i s . In general , the 
e f fec t s of nacel les or f l o a t s can be separately computed and added to the 
loads obtained in the design conditions. 

C DETERMINATION OF RUNNING LOAD AND TORSION AT ELASTIC AXIS 

1 , The following method can be used in cases where i t i s desired to compute 
the running load along any given a x i s , together with the unit value of the 
tors ion acting about that a x i s . 

2 . As shown in F ig . 2 7 , x denotes the location of. the referenoe a x i s , 
expressed as a fract ion of the chord. The net running load along the locus 
of the points x and the net running tors ion about these points are found from 
the following equations: 

. 3 - 5 
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G' (INCHES) 

ALL VECTORS SHOWN IN POSITIVE SENSE 
(REF. CAM 04.31 -A2) 

FIG. 26 
UNIT SECTION OF A CONVENTIONAL 2-SPAR WING 

X • 

J -

(REF. CAM 04.3I-C2) 
FIG. 27 

SECTION SHOWING LOCATION OF ELASTIC AXIS 

FIGS. 26 8 27 
. 3 - 6 
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y x ~ < c ¥ 1 + *2 ©) C' 

Where y^ i s in pounds per inch run. 
i s i n inch pounds per inch. run. 

x i s expressed as a fract ion of the chord. 
C* i s the -wing chord, in inches. 

The remaining symbols are explained in CAM 04 .31-A. (As noted 
previously* ng w i l l always be negative In pos i t ive ly accelerated 
condit ions. ) 

3 . The computations required for this form of analysis can be conveniently 
carried out through the use of tables similar to Tables IV and V . The items 
appearing in each, table would be ohanged t o correspond to the equations givei 
in 2 above. The computation of the running chord, load can be made in the 
manner outlined in QAM 04 .31 -B . 

LIFT-TRUSS ANALYSIS 

1 . Jury struts* In computing the compressive strength of l i f t struts which, 
are braced by a jury strut attached t o the wing, I t i s usually sat i s factory 
to assume that a pin-ended jo int ex i s t s at the point of attachment of the 
jury s t r u t . The jury strut I t s e l f should be investigated for loads imposed 
by the def lect ion of the main wing structure. An approximate solution based 
on re la t ive def lect ions i s sa t i s fac tory , except when the jury strut i s con­
sidered as a point of support in the wing spar analys i s , in which case an 
accurate analysis of the entire structure ia necessary. 

2 . Redundant Wire Bracing. When two or more wires are attached to a common 
point on the wing but are not p a r a l l e l , the following approximate equations 
may be used for determining the load distr ibut ion between wires , provided 
that the loads so obtained are increased 25 per cent. 

Where B = beam component of load to be carried at the j o i n t ^ 
F i = load in wire I , 
Pg = load in wire 2 , 
V^ = vert ica l length component of wire 1 , 
Vg = vert ica l length component of wire 2 , 
A^ and Ag represent the areas of the respective wires , and 
•L]_ and Lg represent the lengths of the respective wires . 

The ohord components of the a ir loads on the upper wing and the unbalanced 
ohord components of the leads in the interplane struts and l i f t wires at 
the ir point of attachment t o the upper wing should then be assumed to be 
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carried entirely by the internal drag truss of the upper wing. 

3 . Indeterminate Wing Cel lules . In biplanes which have two complete l i f t 
truss and drag truss systems interconnected by an N strut , a twisting moment 
applied to the wing cellule wi l l be resisted in an indeterminate -manner, as 
each pair of trusses oan supply a resisting couple. An exact solution involv­
ing the method of least work, or a similar method, can be used to determine 
the load distribution. For simplicity, however, i t i s usually assumed that 
the drag trusses resist only the direct chord loads and that a l l the normal 
loads and torsional forces are resisted by the l i f t trusses . This assumption 
i s usually conservative for the l i f t trusses , but does not adequately cover 
the possible loading conditions for the drag trusses. In the usual biplane 
arrangement the lower drag truss wi l l tend to be loaded in a rearward direction 
by the wing moment. Design Condition VI ( CAR 04.2136) therefore represents 
the most cr i t i ca l oondition for the lower drag truss . This condition should 
be investigated by assuming that a relatively large portion (approximately 
75 per cent) of the torsional forces about the aerodynamic center are res i s t ­
ed by the drag trusses. In the case of a s ingle- l i f t - truss biplane, the drag 
trusses must, of course, res ist the entire moment of the air forces with 
respeot to the axis of the l i f t truss . 

E WING TORSION TESTS AND DETERMINATION OF COEFFICIENT OF TORSIONAL RIGIDITY C I R • 

1 . In order to determine the coefficient of torsional r ig id i ty Cjjj, i t i s 
necessary to apply a pure torsional couple near the wing t ip and to measure 
the resulting angular deflection of the wing at selected intervals along 
the semi-span. 

2 . Set-up. The wing should be mounted on the fuselage or a suitable j i g , 
either of which should be anchored sol idly to the f loor or wall to prevent 
movement or displacement of the wing. The landing gear should be blocked 
on the airplane. The torque. load may be applied to the wing t ip through 
several beams clamped to the wing as near to the t ip as i s practical, such 
as the outermost drag truss compression rib location. The platform cables 
should be attached to the torque beams an equal distanoe forward and aft 
of the e last ic axis of the wing. This axis may be located experimentally 
by rocking the torque beam and noting the nodal point on the wing chord as 
viewed from the t i p . Typical set-ups are shown in Figure 27a. Care should 
be taken to see that the strength of the local wing structure at the points 
of application of the torque loads from the beams i s adequate. For con­
ventional two spar wood wings, i t i s advisable to apply the load direct ly to 
the spars t rough wood blocks rather than attempt to carry the load through 
a rib to the spars. Wings which are to be fabric covered should be tested 
uncovered, unless a certain amount of conservatism is considered in comparing 
the results, with Figure 3 2 , in order to simulate the conditions found in 
service. 

Scales for reading the deflections should be suspended from the leading and 
trail ing edges of the wing (excluding the aileron T.E.) at intervals of 
approximately 10% of the wing semi-span, and should preferably be graduated 
in the decimal system with graduations sufficiently f ine to obtain readings i 
to a hundredth of am incho The deflection readings can be readily obtained 
by the use of a "Wye" level or transit set up at some point that w i l l permit 
sighting on a l l scales. Several additional scales should be attached to the 
fuselage and opposite wing (or j i g ) to determine i f there i s any relative 
movement of the entire airplane. The level should be checked against a bench 
mark on the wall before and after each group of readings. 

.3-8 
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3» Loading. The. following procedure may "be usedt 

a. Obtain zero torque reading on a l l scales , i . e . , the two 
platforms should be supported so that there w i l l be no 
torque couple act ing. 

b . Add a suf f i c ient amount of weight to each platform u n t i l 
readable deflections are obtained. In general, for most 
a ircraf t from 1500 l b s . to 25 ,000 l b s . gross weight, i t 
w i l l be found desirable to make t h i s f i r s t torque moment 
( i n . - l b s . ) equal numerically to twice the gross weight of 
the airplane. For a ircraf t below 1500 l b s . gross weight 
and biplanes, 10% of the above values may be used as a 
f i r s t t r i a l . Care should be taken t o include the tare 
weights of the platforms in the torque computations. 

c . Take readings of a l l s ca l e s . 

d . Add suff io ient load to increase the torque by 50% and 
take scale readings. 

e . Add suff io ient load again to increase the original torque 
by 100% and take scale readings. This l a s t torque should 
resu l t in a twist of the wing of from 1.5 to 2 . 2 5 ° at the 
wing t i p , which i s desired in order to obtain sat isfactory 
data for computing C j ^ . 

f . The data to be recorded are: the load applied; i t s lever 
arm; the def lect ion readings at selected pointsj and the 
exact location of these points both along the span and 
along the chord of the wing. I t would be desirable to 
use a table such as shown on page . 3 -11 which would include 
a l l computations necessary for determining C J R . 

4 . Interpretation of r e s u l t s . Having obtained the leading and t a i l i n g 
edge def lect ions (F and R in table Va) or a corresponding set of data, 
the angle of twist at each section of the wing for a given torque, or 
platform load,, i s calculated and plotted against the wing semi-span 
measured from the wing t i p . 

= Angle of twist in degrees at any section of the wing 
O- - tan-1 (Leading edge d e f l . (F) + t ra i l ing edge d e f l . (R)) 

X {o) Chord distances between scales ) 
or 
•0-= 5 7 . 3 (F + R) degrees 

T~c~7 

Plotting the def lect ion (F and R) and angle of twist (-©-) against wing 
semi-span (L) w i l l reveal any inaccuracies in the data and w i l l f a c i l i t a t e 
checking the r e s u l t s . 

The coeff ic ient of torsional r i g i d i t y may now be computed, using the 
following expression: 

.3-10 
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C-™ = M dL a M 
dO- d© 

dL 

where 

Ĉ -g = Coefficient i f tors ional rigidy. ( l b . i n " . 2 ) . I t i s equal to the 
reciprocal of the tors ional deflection per unit length per unit torque 
and i s usually expressed in values to the 10"^» 

d©- = Angle of twist in degrees, in length dL (in inches), caused by a 
torque of M inch pounds. Referring to the curve of angle of twist 
(-©-) v s . semi-span (L) shown in Figure 27b, i t wi l l be seen that d©" _ slope 
of the tangent drawn to the curve at any given point . Hence, "^C 
i t is only necessary to draw the required tangent to the curve at the 
value of L at which the CTR i s desired and obtain d©- to use In the above 
formula for C T R , "St . 

I t i s very important that the tangent line be drawn accurately. This 
can best he done by f i r s t drawing the ref lected curve to the point of 
tangency (original curve may be drawn on transparent paper and used 
reversed or the tangent spotted in d irect ly "by use of a small mirror), 
and then by "bisecting the result ing angle, as shown in Figure 27b for 
a wing section 60 inches from the wing t i p . The tangent l ine should 
be extended to both axes so that the slope of the l ine may be computed 
accurately which in this example i s equal to d6"go / dLgQ. 

C_n should be computed for each of the three torque conditions used at 
a number of points along the wing semi-span and plotted against the distance 
from the wing t ip (L)« This curve w i l l show the variation of torsional 
r ig id i ty throughout the semi-span and may be used for purposes of comparison 
with wings similarly t e s ted . See CAM 04.404-2 and Figure 3 2 . 

.311 BEAMS. , 

A "WOOD SPARS, 

1 . The allowable t o t a l unit stress in spruce members subjected to combined 
bending and compression i s covered in ANC 5 , Section 2 . 4 1 . 

B METAL SPARS - GEKERAL. 

1. The bending moments and shears tshould be computed by precise formulas 
which allow for the ef fects of the axial loads. Formulas for shear can be 
developed by differentiat ing the formulas for bending moments. The values 
of EI used in the computations should preferably be determined from a t e s t 
on a section of beam subjected to loads in the plane of the beam and normal 
to i t s ax i s . In such tes t s i t i s recommended that the beam be simply 
supported at the l i f t truss f i t t ings and subjected to equal concentrated 
loads, at or near the third points of the span, of such magnitude that the 
maximum shear and bending moment on the t e s t specimen are in the same rat io 
as are the maximum primary shears and bending moments on the corresponding 
spans of the beam in the airplane. If this is not practicable,, the shear 
on the test beam should be re la t ive ly larger than in the airplane. The 
deflections in the t e s t should be read to the degree of precision necessary 
to obtain computed values of EI which are accurate within _ 5 per cent. 

.3-12 
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L - DISTANCE FHOM WING TIP, INCHES 

RECOMMENDED SCALES: L:l" = 2 0 " 
6 : 1 " = . 1 ° TO . 2 ° 

FIG. 27b PLOT OF RESULTS OF TORSION TESTS 
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2 . When such a test oannot "be made, the value of EI may be oomputed from 
the geometrical properties of the section and the e last ic properties of the 
material used, but before being used in the formulas for oomputing deflect ions, 
shears, or secondary bending moments, this value should be multiplied by a 
correction factor to allow for shear deformation, play in j o i n t s , and lack of 
precision in computing the geometric properties of irregular sections. The 
correction factors recommended are 0.95 for beams having continuous webs 
that are integral with the chords, extruded I , and similar beams; 0.85 for 
built-up plate girders having continuous webs connected to the chord by 
riveting; 0.75 for beams with webs having lightening holes of such shape 
that the beam oannot be analyzed as a truss. 

TRUSS-TTEE METAL SPARS 

1* Ifotal truss spars, in which the axial load i s so small that l / j {or equiva­
lent symbol as used in the formulas for computing the stresses in beams sub­
jected to combined loadings) is less than unity, may be analyzed as pin-
jointed structures I f the axes of the members meeting at each joint intersect 
at a point. "When the axes of the members,meeting at any joint do not Inter­
sect at a single point, the figure formed with the axes of the members as i t s 
sides maybe called the "eccentricity pattern" of the j o i n t . In these cases 
the axial loads in the actual truss members may be assumed to be the same as 
those in the members of an equivalent truss with the jo ints located anywhere 
on that side of the eccentricity pattern formed by the axis of the chord 
member. "When there i s an eooentricity pattern at the end of any truss member, 
the load on that member applied through that joint may be assumed to be 
composed of an axial load P , computed as described above, and a bending moment 
equal to Pe» where e i s the normal distance from the axis of the member to 
the most distant corner of the eccentricity pattern. A more rational analysis 
can be made by dividing the total eccentric moment (about the true inter­
section of the web members) between the members intersecting at the joint in 
proportion to their relative resistance to rotation of the j o i n t . 

2 . In metal truss spars, for which l / j i s greater than unity, the bending 
moments and shears on the spar should be obtained by the use of the precise 
formulas; The values of EI to be used in these formulas should be obtained 
whenever possible from deflection tests of the type described in 04.311-B1. 
"When tests are not practicable the deflections used for determining EI may 
be obtained by the use of any of the standard methods of computing the de­
f lect ions of a truss , the assumed loading being that which would be used in 
a t e s t . In computing these deflections i t should be assumed that there i s 
from 0.005 to 0.010 inch s l ip in the joint at each end of each web member 
of a riveted or bolted truss . No s l ip need be assumed in welded j o i n t s . 
Whether the deflections are obtained by test or are computed, EI values should 
be obtained for at least three points in each span of the truss and the aver­
age used in the precise formulas. TKhen an external load paral le l to the axis 
of the spar i s applied at any section at a point other than the centroid of 
the chords at that section considered as a unit , i t should be treated in the 
precise formulas as an equivalent combination of ah axial load at that centroid 
and a bending moment. 

3 . The loads in the chord members at any section should be computed from 
F = P A C / A t is/h, where P is the tota l axial load, A Q the area of the chord 
under consideration, A the sum of the areas of the chords without allowance 
for r ivet holes , M the to ta l bending moment from the precise formulas, and h 
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the distance between the oentroids of the chords. "Where the axis of the spar 
i s not straight between support j o i n t s , M should be increased or decreased by 
Pe, e being the distance on the unloaded truss from the centroid of the chords, 
considered as a unit at the seotion under investigation, to a line joining the 
similar oentroids at the support sections. When f u l l scale tests are not 
pract icable , the loads in the web members should be computed from 
F = S/sin 0 , where 6 i s the angle between the web member and the axis of 
the spar and S i s the derivative of the to ta l bending moment with respect 
to x . If the chords are not para l le l , S should be correoted by an amount 
equal to the shear carried by the chords which are out by the same section 
as i s the web member. Where the chord members change section, the web 
members should be designed to carry an additional load the component of 
which, paral le l to the spar a x i s , i s equal to the part of the to ta l axial 
load P that must be transferred from one ohord'to the other. Thus, i f the 
area of the upper chord changes from 0.6 of the tota l chord area to 0 .5 
of the t o t a l chord area, the added load in the web members w i l l be O.lP/oos 9 . 
For s impl ic i ty , this load may be applied entirely to the web member adjacent 
to the ohange of seotion, when such procedure i s conservative for that member. 

4 . Design of Chord Members. The column length should be assumed as the center-
l ine distance between truss jo ints for bending in the plane of the truss , 
using a restraint coefficient of not more than 2 . 0 . For bending lateral ly i t 
should be assumed as the distance between drag struts except thatt 

a . If the ribs have adequate strength to prevent lateral buckling the 
distance may be taken as not less than one-half the distance between 
drag s t ru t s . 

b . If the wing covering i s metal, suitably st i ffened, the bending 
la tera l ly may be neglected. 

5 . Design of Web Members. When there are no eooentricity patterns and the 
centroid of the r ivet group la on the axis of the member, the oolumn length 
may be assumed to be equal to the center line length of the member. The 
restraint coefficient used w i l l depend on the type of joint employed but 
should in no case exceed 2 . 0 . When eooentricity patterns exist or when the 
centroid of the r ivet group i s ecoentrio to the axis of a member, such member 
should be considered as an eocentrioally loaded column of length equal to 
i t s true centerline length, the assumed eccentricity:of the axial load at 
each end being taken as the arithmetical sum of the rivet group eooentricity 
ttrtrt the distance from the axis of the member to the most distant corner of the 
eccentricity pattern. When a more exact method of analysis i s employed, each 
member should be analyzed for the proper combination of axial load and end 
moment. 

D THIN-WEB METAL SPARS. 

1 . Thin-web metal spars may be analyzed in accordance with the theory of f l a t 
plate metal g irders , under the assumption that diagonal tension f ie lds wi l l 
be produced by the shear forces . For information on this subject see NACA 
Technical Note No. 469. The analysis should cover the attachment of the web 
to the f langes . 

E STRESSED-SKIN WINGS. 

1 . Plywood Covered Wings. Wings that are completely covered with plywood 
may be designed under the following assumptionsi 
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a. The covering w i l l carry the shear due t o the chord components of 
the external loads , provided that suitable compression members 
are insta l led between the spars , and that cut-outs are properly 
reenforced. The ax ia l loads in the spars due to chord loads 
should not be neglected in the spar ana lys i s . 

b . I f the loads -on the spars are computed by means of conventional 
methods, without reference to the e l a s t i c character is t ics of the 
entire s tructure, i t maybe assumed that plywood covering, i f 
r i g i d l y attached t o the spars and ribs throughout their entire 
length, w i l l carry 10 per cent of the moments of the wing due t o 
the beam components of the a i r loads . The spars should be designed 
to carry at least 90 per cent of these moments. When such covering 
i s removable or contains large openings or other discont inuit ies 
between the spars on either surface of the wing, proper reduction in 
assumed strength of the covering adjacent to such opening should be 
made. No reduction should be made in the shear loads to be carried 
by the spars . 

2 . Ifetal-iOovered Wingso Because of the lack of uniformity i n the types of 
metal-covered wings In general use, i t i s recommended that extensive s ta t i c 
tes t ing be employed either in l i eu of , or in conjunction wi th , s tress 
analysis methods. In many cases a proof t e s t t o the specif ied l imit load 
i s the only method by which the behavior of the metal covering can be deter­
mined. The following points should be considered in investigating the 
strength of metal covered wingst 

a. Methods of analysis involving the use of the e l a s t i c axis of the 
wing are acceptable i f the posi t ion of the e l a s t i c axis i s de f in i t e ly 
known. I t i s usually advisable to eliminate any uncertainty in th i s 
respect by assuming different posit ions for the e l a s t i c a x i s , thereby 
covering a range in which, i t i s certain t o l i e . 

b . Analyses of skin-stressed wings involving the strength of sheet and 
s t i f f ener combinations, or the strength of thin-web g irders , should 
be supplemented by data on at least one s t a t i c t e s t of a representa­
t i ve panel In which the design conditions are c lose ly simulated. 
Such a panel should be re la t i ve ly large in order to account for the 
interact ion of various parts of the s tructure . 

.3110 SECONDARY BENDING 

1 . In the design of wing spars and other members subjected t o combined axia l 
and transverse loading the e f fects of secondary bending can be accounted for 
by the "precise* equations based on the equation of the e l a s t i c a x i s . In 
order to maintain the required factor of sa fe ty , i t i s necessary to base such 
computations on ultimate loads , rather than on the l imi t loads. 

.3111 LATERAL BUCKLING. 

1 . For conventional wings, the strength of the beams against l a t era l buckling 
m y be determined by considering the sum of the axia l loads in both spars to be 

! res i s ted by the spars acting together. The t o t a l allowable column strength of 
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both spars i s the sum of the column strengths of each spar acting as a pin-
ended column the length of a drag bay. Fabric wing covering may be assumed 
t o increase the t o t a l allowable column strength, as above determined, by 
50 per cent . When further st i f fened by plywood or metal leading edge cover­
ing extending o\er both surfaces forward of the front spar a t o t a l increase 
in allowable column strength of 200 per cent may be assumed. 

.313 RIBS 

A TEST REQUIREMENTS. 

1 . The r ib t e s t s requiredshould at least cover the pos i t ive high angle of 
attack condition (Condition i ) and a medium angle of attack condition. The 
total" load t o be carried by each rib should equal 125 per cent of the ultimate 
load over the area supported by the r i b . For the medium angle of attack 
condit ion, the load faotorshould be taken as the average of the ultimate 
load factors for conditions I and I I I . 

2 . The leading edge portion of the r ib may be very severly loaded in 
conditions I I and IV. An invest igat ion of the maximum down loads on th i s 
portion should be made when V_ exceeds 200 mph. (See CAM 04 .217 -B2) . When 
th is requirement does not apply, i t should be demonstrated that the rib 
structure ahead of the front spar i s strong enough to withstand i t s portion 
of the itest load acting in the reverse d irect ion . A t e s t f o r th is condition 
w i l l be required in the case of a rib which appears to be weak. 

3* No less than two ribs should be tested in e i ther loading oondition. For 
tapered wings a suf f ic ient number of r ibs should be tested to show that a l l 
r ibs are sa t i s fac tory . 

B TEST LOADINGS. ' ' . .' 

O 

•P 

9 C M 

T O to 
g 

I 
T O 

a* 

I 
T O 

1 . The following loadings are acceptable for two-spar construction when the 
r ib forms a complete truss between the leading and t r a i l i n g edges. (See 
CAM 04.217-B1 for other oases . ) 

For the high angle of attack f l i g h t condit ion, r ibs of 
chord length greater than 60 inches should be subjected 
to 16 equal loads at the load points given in Tables V c 

or V^. In order to determine which set of load points 
i s appl icable to the part icular a i r f o i l used, i t i s f i r s t 
necessary to determine the fol lowing a i r f o i l character is ­
t i c s : 

O 
+ » 

g 
a 

• r f 

•(1) PD (Pressure Dis tr ibut ion) c l a s s i f i c a t i o n . -
th i s i s expressed by a capi ta l l e t t e r fol lowed 
by a two d i g i t number such.as C 10 , B 11 , D 12 , 
e tc . For the present purpose, only the number 
portion of the c l a s s i f i c a t i o n need be considered. 

(2 ) C_ - moment coe f f i c i ent about the aerodynamic 
• c » 

center. 
(3 ) Camber - in percent chord. (This i s necessary 

only in the case of a i r f o i l s having a "12** 
pressure d is tr ibut ion c l a s s i f i c a t i o n . ) 
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These character i s t ics are readi ly obtainable for most 
a i r f o i l s from N.A.C.A. Technical Reports Nos. 610 and 
6 2 8 . For a i r f o i l s in the 10 or 11 c l a s s i f i c a t i o n , the 
load points should be taken from Table V c , using the 
l ine corresponding to the C™ value of the a i r f o i l . 
(Table V 0 should a lso be used for r i b loading points in 
cases where the P.D. c l a s s i f i c a t i o n i s not a v a i l a b l e , 
or in cases where the designer does not wish to determine 
i t . ) For a i r f o i l s in the 12 c l a s s i f i c a t i o n , the load 
points should be taken from Table V d , using the l ine 
corresponding to the C ^ and the camber of the a i r f o i l . 
In cases where the actual pos i t ion of load number 1 i s 
l e ss than l / 2 inch from the leading edge, loads 1 and 2 
may be combined into e s ing le load (of twice the unit 
value) and applied at t h e i r centroid. For r ibs having 
a chord of l e s s than 60 inches, 8 equal loads may be 
used, the ir arrangement being such as t o produce shears 
and moments of the same magnitude as would be produced 
by the appl icat ion of 16 equal loads at the locat ions 
spec i f ied above. 

b . For the medium angle of attack condition 16 equal loads should be 
used on r ibs of chord greater than 60 inches, 8 equal loads for 
chords l ess than 60 inches* In either oase the t o t a l load shal l be 
oomputed as specif ied in CAM 0 4 , 3 1 3 - A l . When 16 loads are used, they 
sha l l be applied at 8 . 3 4 , 1 5 . 2 2 , 1 9 . 7 4 , 2 3 . 3 6 , 2 6 , 6 0 , 2 9 . 8 6 , 3 3 . 2 8 , 
3 6 . 9 0 , 4 0 , 7 2 , 4 4 . 7 6 , 4 9 . 2 2 , 5 4 . 0 8 , 5 9 . 5 0 , 6 5 , 8 0 , 73 .54 and 8 5 . 7 0 
per cent of the chord. When 8 loads are used they shal l be so 
arranged as to give comparable r e s u l t s . 

2 . When the lacing cord for attaching the fabric passes entirely around 
the r i b , a l l of the load should be applied on the bottom chord. 

3 . When the covering i s to be attached separately to the two chords of the 
r i b , the loading specified in paragraph 1 of this section should be modified 
so that approximately 75 per cent of the ultimate load i s on the top chord 
and 50 per cent on the bottom, the to ta l load being 125 per oeht of the 
ultimate load. 

,52 PROOF OF TAIL AND CONTROL SURFACES. 

1 , In analyzing movable control surfaces supported at several hinge points, 
care should be taken in the use of the "three-moment'' equation. Ih general, 
the assumption that the points of support l i e in a straight line w i l l give 
misleading resul ts . When possible , the effects of the deflection of the 
points of support should be approximated in the analysis . 

,321 1 . The effects of in i t i a l rigging loads on the f inal internal loads are 
d i f f i cu l t to predict, but in certain oases may be serious enough to -warrant 
some investigation. In this connection, methods based on least work or 
deflection theory offer the only exact solution. Approximate methods, how­
ever, are satisfactory i f based on rational assumptions. As an example, i f 
a certain counter wire wi l l not become slack before the ultimate load i s 
reached, the analysis can be conducted by assuming that the wire i s replaced 
by a force acting in addition to the external air forces . The residual load 
from the counter-wire can be assumed to be a certain percentage of the rated 
load and wi l l of course be less than the i n i t i a l rigging load. 
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n 
C L U I L F L A A T L O I T * ^ A . O . 

L O A D P O I N T , I N R A R A A N T M N - D n 
C L U I L F L A A T L O I T * ^ A . O . 1 2 8 4 6 6 7 6 " 9 1 0 1 1 1 2 1 3 1 4 1 6 1 6 

( 1 ) 

1 0 b 1 1 1 
S 

0 T O - . O K . 6 1 . 9 3 . 4 6 . 2 7 . 2 • . 6 1 2 . 4 1 6 , 6 1 9 . 0 2 3 . 4 2 6 . 2 3 3 . 2 4 0 , 3 4 6 , Z 7 2 Jt • 0 . 0 

( 1 ) 

1 0 b 1 1 1 
S 

- . 0 * 0 T O - . 0 8 9 . 5 2 . 0 . 3 . 6 6 . 6 8 . 0 1 0 . 6 I S . 4 1 6 . 6 2 0 . 6 2 6 . 2 2 6 . 8 3 6 . 3 4 2 . 1 6 0 . 2 7 2 . 0 9 0 . 0 

( 1 ) 

1 0 b 1 1 1 
S 

- . 0 4 0 T O — 0 6 9 . 7 8 . 0 4 . 0 6 . 8 a.S 1 1 . 4 1 4 . 6 1 6 . 6 2 2 . 8 2 7 . 2 3 2 . 7 3 6 . 0 4 4 . 6 3 2 . 6 7 2 . 0 9 0 . 0 ( 1 ) 

1 0 b 1 1 1 
S 

- . 0 6 0 T O - . 0 7 9 . 6 2 . 6 4 . E 6 . 7 9 . 6 1 2 . 7 1 6 . 2 2 0 . 0 2 4 . 2 2 8 . 6 3 4 . 0 4 0 . 0 4 6 . 7 6 4 . 4 7 2 , 0 9 0 . 0 

( 1 ) 

1 0 b 1 1 1 
S - . 0 1 0 T O - . 0 9 9 1 . 9 6 . 0 7 . 6 1 0 . 6 I S . 7 1 7 . 4 2 1 . 2 2 6 . T 3 0 . 8 5 6 . 6 4 1 . 6 4 7 . 8 6 6 . 4 7 2 . 0 9 0 . 0 

( 1 ) 

1 0 b 1 1 1 
S 

- . 1 0 O R S R A A T A R .a 8 . 0 5 . 6 6 . 2 1 1 . 4 1 4 . 8 16.6 2 2 . 7 2 7 . 1 3 2 . 2 3 7 . 6 4 2 . 9 4 9 . 6 6 7 . 6 7 1 . 0 9 0 . 0 

( 1 ) S H A M U C 1 0 , B 1 1 , A T , . , L A D A T A T A B L E * O F I . A . C . A . B A P O R T I 4 1 0 A N D & 

( T J T X P R . R N 4 AA % S H A R D . 

( * ) A I R F O I L , W I T H • T A L A A A O F ( A , ( A N O L M E L F L A D F I L T H T H O A * Ttowia^ A < ^ 

a. 

A . - 0 

T A B L I T D - B I B I A U ) P O U T S N T H I O H A M U R O F A I X A C X 

n 
C L T I T I F L O A T L O N * ^ A . O . 

L O A D P O I N T • I S P A R O E A T CHORD n 
C L T I T I F L O A T L O N CAAFEAR * ^ A . O . 

1 2 6 4 8 ' 6 7 6 9 1 0 1 1 1 2 1 9 1 4 1 6 1 6 

0*0 
T O 

0 . 0 0 T O - . 0 1 9 9 . 7 1 . 3 

— . 

3 . 9 

: " 
6 . 6 7 . 9 1 0 . 4 1 3 . 1 1 6 . 3 2 0 . 1 2 4 . 4 2 6 . 9 8 4 . 3 4 1 . 0 4 9 . 0 

-
7 3 . 0 — 

9 0 . 0 

1 2 

2 . 9 - . 0 2 T O . . 0 3 9 9 . 6 2 . 6 4 . 6 6 . 4 8 , 7 1 1 . 8 1 4 . 1 1 7 . 6 2 1 , 3 2 6 . 6 5 0 . 6 3 6 . 2 4 3 . * 6 1 . 1 7 2 . 0 9 0 . 0 
1 2 

8 . 0 0 . 0 0 T O - 4 1 9 9 . 6 2 . 6 4 . 5 6 . 6 8 . 7 1 1 . 0 1 3 . 5 1 6 . 4 1 9 . 7 2 5 . 6 £ 8 . 0 3 3 . 5 6 9 . 7 4 7 . 7 7 2 . 0 9 0 . 0 

O R E A T A R -M T O - . 0 3 9 9 . 9 2 . 8 6 . 0 7 . 8 9 . 6 1 2 . 0 1 4 . 7 1 7 . 9 2 1 . E 2 6 . 6 8 0 . 1 8 6 . 6 4 1 . 8 4 9 . 7 7 2 . 0 9 0 . 0 
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.523 VIBRATION TESTS 

1 . The required vibration, tests may be made by shaking -the various units 
of the airplane by means of an unbalanced rotating weight driven through 
a f lex ible shaft at speeds which oan be controlled and measured, or by 
other acceptable methods„ These t e s t s should be made on a complete airplane. 
The frequencies obtained for the various units should be entered in Form 
ACA-719 - Flutter Control Data. (A reproduction of this form t o approximately 
l / 2 scale i s shewn as Table Vb on the following page.) Copies o f th i s form 
may be obtained from the off ices mentioned in paragraph 2 below. 

2 . Vibration equipment i s available at the Civ i l Aeronautics Administration 
off ices at LaGuardia Field, Long Island; Kansas City, Missouri, and Santa 
Monica, California. Loan of t h i B equipment may be obtained by contacting t h e 
Regional Manager. I t i s especially important that the manufacturer pay 
particular attention to the instructions furnished with the above vibration 
equipment, in order that satisfactory results may .be obtained. However, the 
manufacturer may use other Vpes of vibration equipment, in which ease a 
report should be submitted containing a complete description of the equipment 
and sufficient tes t data to substantiate i t s accuracy. When a res i l ient 
element such as a spring or rubber ba l l i s incorporated in the driving unit 
of the, vibrator, i t s s t i f fness should be low relative to the st i f fness of 
the surface being vibrated, in order to avoid misleading resul ts . I f the 
manufacturer desires, arrangements can be made to obtain experienced Civi l 
Aeronautics Administration personnel to supervise the operation of the 
vibration equipment. 
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3 * Attitude of Aircraft . A l l of the vibration t e s t s , with the 
exception of the fuselage vertical bending and possibly the 
fuselage side bending t e s t s , can be conducted with the airplane 
t a i l wheel (or skid) resting on the ground, providing that the 
natural frequencies of the various units may be correctly 
recognized with the airplane In this pos i t ion. I t has been 
found desirable, in some cases, to deflate the landing gear t i re s 
(and t a i l wheel t i r e , i f used) approximately Z5%t in order to 
lower the natural frequency of the t i re s below the frequency 
range expected for the structure. I f d i f f i c u l t y i s experienced 
in recognizing the signif icant frequencies with the t a i l wheel 
(or skid) on the ground, i t should be raised just free from the 
ground, either by a sling around the fuselage located as far 
forward as i s pract ical , or by blocking up in the region of the 
wings. • The l a t t e r procedure may be preferable for the fuselage 
vertical and side bending modes. 

4 . Location of Vibrator on the Structure. 

a. The proper location of the vibrator on the structure 
i s important in obtaining satisfactory resu l t s . 

t Suggested vibrator locations for exciting various 
modes of vibration are given in Fig. 28 . 

b . The effect of the vibrator weight on the frequency of 
the structure may be appreciable especially for the 
control surfaces. The l ightest weight vibrator giving 
satisfactory results should be used. In general, 
vibrators weighing up t o 1 0 % of the weight of the sur­
face to which they are attached may be used without 
correcting the observed frequencies, unless the 
vibrator distance from the hinge l ine i s such as to 
create a much larger re lat ive effect upon the moment 
of inertia of the surface. However, approximate f r e ­
quency corrections can be made by adding several small 
increments of weight near the vibrator at the same arm 
from the hinge l ine as the vibrator, and plotting the 
resulting to ta l increment weights (including vibrator 
weight) against the frequencies observed. Extrapolating 
th i s curve to zero weight should give the corrected 
frequency. 

c« In general, the following points should be considered 
in the attachment of any type of vibrator to a structure. 

(1) The location i s of primary importance and should 
be at a point of large deflection. See Fig. 28 

(2) The vibrator should be so mounted that i t s l ine 
of force w i l l be in the most advantageous direction 
to excite the vibration mode desired. 

(5) I t i s desirable to attach the- vibrator to a part 
of the structure that i s f a i r l y r ig id such as the 
wing spar, control surface r i b s , e tc . 

(4) The loca l structure to which the vibrator i s attached 
should have adequate strength for the loads imposed 
by the vibrator. 
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h e h 

1 

SURFACE W I S = ESSCBIFTIOB OF HHJB AST? 
SUGGESTED TTCSRAJQR LOCATION 

mm CBBCRXFTIOI OF K P B ATO 
SSJ0~OXD VIBRATQK L0CAII0H 

h e h 

1 Sudd6r (Ao * 
TJnitJ 

Huddor m i n g i a g book and f o r t h , under 
t h e sp r ing a o t i o a o f t h e c o n t r o l c a b l e s » 
(Tlbrarbor o f b o m on rudder T - S * ) 

I S FuoelaRB Side 
Beading 

Whole t a l l u n i t T i b r a t i n g I n s i d e d i r e c t i o n 
about T v r t i o a l a x i s through fuselas je f b r -
K t r d o f t a l l u n i t . U s u a l l y I n s e r t ant o n l y 
o n l a r g e airplana-a. ( V i b r a t o r a t t a l l end 
o f f u s e l a g e . ) 

2 Rudder T o r s i o n T o r s i o n a l v i b r a t i o n o f t h e rudder* under 
the spr lag a o t i e n c f t b » t o rque t u b * 
(Bfldal l i n e ex t end* i r o n t r i l l Log edge t o 
to rque t u b e . ) ("Vibrator n » * r upper —. on 
r t d 4 « r T*B*) 

I S FuoelaRB Side 
Beading 

Whole t a l l u n i t T i b r a t i n g I n s i d e d i r e c t i o n 
about T v r t i o a l a x i s through fuselas je f b r -
K t r d o f t a l l u n i t . U s u a l l y I n s e r t ant o n l y 
o n l a r g e airplana-a. ( V i b r a t o r a t t a l l end 
o f f u s e l a g e . ) 

2 Rudder T o r s i o n T o r s i o n a l v i b r a t i o n o f t h e rudder* under 
the spr lag a o t i e n c f t b » t o rque t u b * 
(Bfldal l i n e ex t end* i r o n t r i l l Log edge t o 
to rque t u b e . ) ("Vibrator n » * r upper —. on 
r t d 4 « r T*B*) 

19 Fuse lage V e r t i c a l 
Bending 

Suae as i t e m 10 above-, e x a e p t v i h r a t i f t g 
i n T e r t i o a l d i r e c t i o n abou t h o r i z o n t a l 
a x i s th rough f u s e l a g e * Only i s p o r t a n t I n 
v e r y l a r g e a i r c r a f t hd-ving f u s e l a g e eu tcu tg 
i n t o p and bot tom s i d e * * ( V i b r a t o r a4 t a l l 
VoA. o f fu .B*Laea t ) 

auddftr. 3yn . 3 t o * as I t em 2 above , e x o e p t both rudders 
awiog tag —iKti. ( o r ontwaru.} a t s*m« t i n * , 
( V i b r a t o r a f t Of h o m on ruddar T . E . ) 

19 Fuse lage V e r t i c a l 
Bending 

Suae as i t e m 10 above-, e x a e p t v i h r a t i f t g 
i n T e r t i o a l d i r e c t i o n abou t h o r i z o n t a l 
a x i s th rough f u s e l a g e * Only i s p o r t a n t I n 
v e r y l a r g e a i r c r a f t hd-ving f u s e l a g e eu tcu tg 
i n t o p and bot tom s i d e * * ( V i b r a t o r a4 t a l l 
VoA. o f fu .B*Laea t ) 

auddftr. 3yn . 3 t o * as I t em 2 above , e x o e p t both rudders 
awiog tag —iKti. ( o r ontwaru.} a t s*m« t i n * , 
( V i b r a t o r a f t Of h o m on ruddar T . E . ) 

20 S t a b i l i s e r Syn» 
Bendmg 

8 t a b l l l c * r bending as a beau supported a t 
i t s n i d p o i n t ( f u s e l a g e 1 ) * U s u a l l y o n l y 
bspor t an t i n c a n t i l e v e r t a i l sUrfaoe d e a i g n a . 
I f w i r e o r s t r u t b m o e d w i t h sma l l t i p 
overhang* t h e mode o f v l b r f t t i i a i may no t b e 
•uch as t o p e r m i t i n t e r a c t i o n w i t h t h e 
« l * v m , t o r . ( T i b r a t o r near fcuttOfcrd tad o f 
s t a b i l i E e r . ) 

4 Sudd«r s 
( n r l o T . 1 1 ) 

Vnay—- 3 « a » aq i t e m 1 above* e x c e p t bo th rudder a 
Ex>viii^ t o r i g h t ( o r l e f t ) t o g e t h e r . 
( V i b r a t o r a f t o f h o m on rudder X J i « ) 

20 S t a b i l i s e r Syn» 
Bendmg 

8 t a b l l l c * r bending as a beau supported a t 
i t s n i d p o i n t ( f u s e l a g e 1 ) * U s u a l l y o n l y 
bspor t an t i n c a n t i l e v e r t a i l sUrfaoe d e a i g n a . 
I f w i r e o r s t r u t b m o e d w i t h sma l l t i p 
overhang* t h e mode o f v l b r f t t i i a i may no t b e 
•uch as t o p e r m i t i n t e r a c t i o n w i t h t h e 
« l * v m , t o r . ( T i b r a t o r near fcuttOfcrd tad o f 
s t a b i l i E e r . ) 

6 
I V - j i m l ) 

f o r a i o n Same a s i t e m £ • b a r * . 

20 S t a b i l i s e r Syn» 
Bendmg 

8 t a b l l l c * r bending as a beau supported a t 
i t s n i d p o i n t ( f u s e l a g e 1 ) * U s u a l l y o n l y 
bspor t an t i n c a n t i l e v e r t a i l sUrfaoe d e a i g n a . 
I f w i r e o r s t r u t b m o e d w i t h sma l l t i p 
overhang* t h e mode o f v l b r f t t i i a i may no t b e 
•uch as t o p e r m i t i n t e r a c t i o n w i t h t h e 
« l * v m , t o r . ( T i b r a t o r near fcuttOfcrd tad o f 
s t a b i l i E e r . ) 

6 E l » n . t e r Synu Both e l e v a t o r b swinging U P o r down t o ­
g e t h e r under t h e sp r ing a c t i o n o f t h e 
c o n t r o l g a b l e s ( o r push p u l l t u b e s ) 
( V i b r a t o r a t inner « d o f on* e l e v a t o r 

o r l i t o f horn on s i n g l e e l e v a t o r . } 

21 S t a b i l i s e - Sya . T o r s i o n a l v l o r e t i o n o f t h e s t a b i l i z e r , 
S l n l l a r t o i t e m l i , f o r the w i n g . ETsuelly 
o n l y iBpor t an t f o r c a n t i l e v e r euxl twin t a i l 
a l r o r a f t . ( V i b r a t o r near o u t e r end o f 
s t a b i l i s e r a t L . B . ) 

6 Synu Both e l e v a t o r b swinging U P o r down t o ­
g e t h e r under t h e sp r ing a c t i o n o f t h e 
c o n t r o l g a b l e s ( o r push p u l l t u b e s ) 
( V i b r a t o r a t inner « d o f on* e l e v a t o r 

o r l i t o f horn on s i n g l e e l e v a t o r . } 

21 
Tora ion 

T o r s i o n a l v l o r e t i o n o f t h e s t a b i l i z e r , 
S l n l l a r t o i t e m l i , f o r the w i n g . ETsuelly 
o n l y iBpor t an t f o r c a n t i l e v e r euxl twin t a i l 
a l r o r a f t . ( V i b r a t o r near o u t e r end o f 
s t a b i l i s e r a t L . B . ) 

7 One o l o v a t o r { o r l/& o f s i n g l e e l a r a t o r j 
moving up , o t h e r donn at- some t ime under 
sp r ing a c t i o n o f t o r quo tuba* { N o d a l 
l i n t la . p i fend o f s u r f e o e , ex t end ing a f t 
from p o i n t near c e n t e r o f e l e v a t o r s p a r . ) 
( V i b r a t o r a t c e n t e r o f Bomi-span near T . 5 . ) 

2? S t a b i l i i n - Tlnsyu. T o r s i o n a l r l b ra t io -a o f s t a b i l l E e r . S i m i l a r 
t o I t e m 14 f o r the w i n g . Nodal l i n e a t £ 
o f s t a b i l i z e r { f u s e l a g e ) . ( V i b r a t o r a t 
l e a d i n g e d g e o f s t a b i l i z e r o r a t t r a i l i n g 
edge, o f e l e v a t o r . B l e v a t o r clamped t o 
s t a b i l i z e r , J 

7 One o l o v a t o r { o r l/& o f s i n g l e e l a r a t o r j 
moving up , o t h e r donn at- some t ime under 
sp r ing a c t i o n o f t o r quo tuba* { N o d a l 
l i n t la . p i fend o f s u r f e o e , ex t end ing a f t 
from p o i n t near c e n t e r o f e l e v a t o r s p a r . ) 
( V i b r a t o r a t c e n t e r o f Bomi-span near T . 5 . ) 

2? 
l o r s i on 

T o r s i o n a l r l b ra t io -a o f s t a b i l l E e r . S i m i l a r 
t o I t e m 14 f o r the w i n g . Nodal l i n e a t £ 
o f s t a b i l i z e r { f u s e l a g e ) . ( V i b r a t o r a t 
l e a d i n g e d g e o f s t a b i l i z e r o r a t t r a i l i n g 
edge, o f e l e v a t o r . B l e v a t o r clamped t o 
s t a b i l i z e r , J 

B A i l e r o n flym. B u b a i l e r o n as * u n i t tw ing ing up and 
down t o g e t h e r , under t h e s p r i n g R a t i o n o f 
t h e c o n t r o l c a b l e s ( o r .push p u l l t u b e s ) * 
( V i b r a t o r be uweon c e n t e r and inne r end a t 
a i l e r o n T . B , ) 

2? 
l o r s i on 

T o r s i o n a l r l b ra t io -a o f s t a b i l l E e r . S i m i l a r 
t o I t e m 14 f o r the w i n g . Nodal l i n e a t £ 
o f s t a b i l i z e r { f u s e l a g e ) . ( V i b r a t o r a t 
l e a d i n g e d g e o f s t a b i l i z e r o r a t t r a i l i n g 
edge, o f e l e v a t o r . B l e v a t o r clamped t o 
s t a b i l i z e r , J 

B A i l e r o n flym. B u b a i l e r o n as * u n i t tw ing ing up and 
down t o g e t h e r , under t h e s p r i n g R a t i o n o f 
t h e c o n t r o l c a b l e s ( o r .push p u l l t u b e s ) * 
( V i b r a t o r be uweon c e n t e r and inne r end a t 
a i l e r o n T . B , ) 

29 S t a b l l l M i r i looking 
about i t s 
f u s e l a g e 
a t t e o h -
w n t * 

See i t em 1? a l s o . S t a b i l i z e r an a u n i t 
r o c k i n g about i t s A u e l s g e a t taohmente . 
U s u a l l y o n l y l i B » r t a n t f o r t w i n t a l l a i r ­
c r a f t . ( V i b r a t o * on f i n o r outboard end o f 
s t a b i l i s e r ' o n twin, t a l l a i r o r a f t , o r n**r 
outboard end Of s t a b i l i z e r - * l * v * t o r 
h i n g e l i n e en. s i n g l e t a i l a i r c r a f t . ) g A l l o r o a Unsym. One a i l e r o n u a u n i t moving up, o the r 

tfona At seme t i m e , Under spr ing act-ion o f 
c o n t r o l cab les . " ( v i b r a t o r a f t o f horn a t 
a i l e r o n TJ3.J 

29 S t a b l l l M i r i looking 
about i t s 
f u s e l a g e 
a t t e o h -
w n t * 

See i t em 1? a l s o . S t a b i l i z e r an a u n i t 
r o c k i n g about i t s A u e l s g e a t taohmente . 
U s u a l l y o n l y l i B » r t a n t f o r t w i n t a l l a i r ­
c r a f t . ( V i b r a t o * on f i n o r outboard end o f 
s t a b i l i s e r ' o n twin, t a l l a i r o r a f t , o r n**r 
outboard end Of s t a b i l i z e r - * l * v * t o r 
h i n g e l i n e en. s i n g l e t a i l a i r c r a f t . ) g A l l o r o a Unsym. One a i l e r o n u a u n i t moving up, o the r 

tfona At seme t i m e , Under spr ing act-ion o f 
c o n t r o l cab les . " ( v i b r a t o r a f t o f horn a t 
a i l e r o n TJ3.J 24 F i n 

( s i n g l e 
t a i l , ) 

Pending T i n banding a « a beam f i x e d a t one endt 
U s u a l l y o n l y important i n o e n t i l e v e r t a l l 
su r face d « e i g n e * ( V i b r a t o r near upper end 
o f f i n near rudder h inge l i n e . ) 10 A i l e w a T o r s i o n T o r s i o n a l v i b r a t i o n o f a i l e r o n * under t he 

spr ing a c t i o n o f t h e torque tube (Jtodal 
Hn«? ex tends from t r a i l i n g edge t o t o r q u e 
t u b e * ) ( V i b r a t o r nea r o u t e r end a t a i l e r o n 
T . E , ) 

F i n 
( s i n g l e 

t a i l , ) 

Pending T i n banding a « a beam f i x e d a t one endt 
U s u a l l y o n l y important i n o e n t i l e v e r t a l l 
su r face d « e i g n e * ( V i b r a t o r near upper end 
o f f i n near rudder h inge l i n e . ) 10 A i l e w a T o r s i o n T o r s i o n a l v i b r a t i o n o f a i l e r o n * under t he 

spr ing a c t i o n o f t h e torque tube (Jtodal 
Hn«? ex tends from t r a i l i n g edge t o t o r q u e 
t u b e * ) ( V i b r a t o r nea r o u t e r end a t a i l e r o n 
T . E , ) 

28 F i n 
( S i n g l e 

t a i l ) 

T o r a i o n l o r i i o n a l v i b r a t i o n o f the f i n . s i m i l a r t o 
i t e m f o r . t h e s t a b i l i E e r . ( V i b r a t o r on 
f i n L - E * near upper e n d . ) 

11 S y n . 
Bonding 

Hing bending u t boom supported a t i t s 
midpoint ( f u e e l a g e } , o r as a b raced beam 
supported a t the br*w# p o i n t s . ( V i b r a t o r 
near wing t i p app rox ima te ly on e l a s t i c 
a x i s o f w i n g . ) 

F i n 
( S i n g l e 

t a i l ) 

T o r a i o n l o r i i o n a l v i b r a t i o n o f the f i n . s i m i l a r t o 
i t e m f o r . t h e s t a b i l i E e r . ( V i b r a t o r on 
f i n L - E * near upper e n d . ) 

11 S y n . 
Bonding 

Hing bending u t boom supported a t i t s 
midpoint ( f u e e l a g e } , o r as a b raced beam 
supported a t the br*w# p o i n t s . ( V i b r a t o r 
near wing t i p app rox ima te ly on e l a s t i c 
a x i s o f w i n g . ) 

2^ F i n 
ClSIn T a i l 

o n l y ) 

Bending 
(Syia. 

w i t h r e ­
spec t t * 
a t t a o h l n g 
f i n t o 

s t a b i l i u r 

F i n pending a s a bean f i x e d a t i t s a t t a c h ­
ment « e t e h l l i x e r . ( V i b r a t o r near upper* 
or l o w e r , and o f f i n near e l a s t i c a x i s o f ' 
f i n . ) (Upper and l o w e r p o r t i o n s may hove 
d i f f e r e n t f r e q u e n c i e s . ) 

12 UnayaL. 
Bending 

Same as i t e m 11 a b o v e , e x o e p t t ha t r i g h t 
sari l e f t h a l v e s o f t h e w i n g move i n oppo­
s i t e d i r e c t i o n s a t -the sane t i m e . U s u a l l y 
o n l y impor tan t i n l a r g e m u l t i - e n g i n e a i r ­
c r a f t . ( V i b r a t o r near w i n g t i p approsd.-
mato ly on e l a s t i c a x l e o f wlng . J 

2^ F i n 
ClSIn T a i l 

o n l y ) 

Bending 
(Syia. 

w i t h r e ­
spec t t * 
a t t a o h l n g 
f i n t o 

s t a b i l i u r 

F i n pending a s a bean f i x e d a t i t s a t t a c h ­
ment « e t e h l l i x e r . ( V i b r a t o r near upper* 
or l o w e r , and o f f i n near e l a s t i c a x i s o f ' 
f i n . ) (Upper and l o w e r p o r t i o n s may hove 
d i f f e r e n t f r e q u e n c i e s . ) 

12 UnayaL. 
Bending 

Same as i t e m 11 a b o v e , e x o e p t t ha t r i g h t 
sari l e f t h a l v e s o f t h e w i n g move i n oppo­
s i t e d i r e c t i o n s a t -the sane t i m e . U s u a l l y 
o n l y impor tan t i n l a r g e m u l t i - e n g i n e a i r ­
c r a f t . ( V i b r a t o r near w i n g t i p approsd.-
mato ly on e l a s t i c a x l e o f wlng . J 

27 F i a 
t~5. T a i l 

o n l y ) 

Bonding 
(TJnsya. 
w i t h r e ­
spec t t o 
*tto4hment 
o f f i n t o 
tab i l l t o r ) 

F i n bending as a b e t a f i x e d a t i t s a t t a c h ­
ment t o s t a b i l i i e r . 

13 
T o r s i o n 

T o r s i o n a l v i b r a t i o n , o f t h e w i n g about a 
Bpannise a x i s . B i g h t and l e f t h e l v e s o f 
t h e P i n g taov* In suae d i r e c t i o n about 
t h i s a x i s a t t h e sane t i m e . ( V i b r a t o r 
near wing t i p , forn&rd or a f t o f e l a s t i c 
m x l » o f w i n g . ) 

F i a 
t~5. T a i l 

o n l y ) 

Bonding 
(TJnsya. 
w i t h r e ­
spec t t o 
*tto4hment 
o f f i n t o 
tab i l l t o r ) 

F i n bending as a b e t a f i x e d a t i t s a t t a c h ­
ment t o s t a b i l i i e r . 

13 
T o r s i o n 

T o r s i o n a l v i b r a t i o n , o f t h e w i n g about a 
Bpannise a x i s . B i g h t and l e f t h e l v e s o f 
t h e P i n g taov* In suae d i r e c t i o n about 
t h i s a x i s a t t h e sane t i m e . ( V i b r a t o r 
near wing t i p , forn&rd or a f t o f e l a s t i c 
m x l » o f w i n g . ) 2£ F l ap T o r s i o n T o r s i o n a l v i b r a t i o n o f outboard end o f f l a p . 

S i m i l a r t o i t em 1Q above* Affaumlng I r r e ­
v e r s i b l e c o n t r o l arm u s e d . ( V i b r a t o r near 
outboard end o f f l a p on l f E * > Only i a p o r -
t s n t when f l a p ex tends ou tboard on wing 
beyond 60^ semi-Bpan l o c a t i o n . 

14 Uhsym+ 
T o r s i o n 

Sane As I S a b o v e , e x c e p t r i g h t and l * f t 
halvtf* o f t h e -Mng -OW i n o p p o s i t e 
d i r e c t i o n s about a spar*rio* n c i a &t t h e 
same t i m e . ( V i b r a t o r near wing t i p . 
forward o r a f t r c f e l a s t i c a r i a o f w i n g . ) 

F l ap T o r s i o n T o r s i o n a l v i b r a t i o n o f outboard end o f f l a p . 
S i m i l a r t o i t em 1Q above* Affaumlng I r r e ­
v e r s i b l e c o n t r o l arm u s e d . ( V i b r a t o r near 
outboard end o f f l a p on l f E * > Only i a p o r -
t s n t when f l a p ex tends ou tboard on wing 
beyond 60^ semi-Bpan l o c a t i o n . 

14 Uhsym+ 
T o r s i o n 

Sane As I S a b o v e , e x c e p t r i g h t and l * f t 
halvtf* o f t h e -Mng -OW i n o p p o s i t e 
d i r e c t i o n s about a spar*rio* n c i a &t t h e 
same t i m e . ( V i b r a t o r near wing t i p . 
forward o r a f t r c f e l a s t i c a r i a o f w i n g . ) 

£9 Tabs 
(Ru33eY 
A i l e r o n 
K l e v a t c r J 

Ncte t E f f e c t e f v i b r a t o r m i g h t on tpZ f r e ­
quency should be i n v e s t i g a t e d when 
v i b r a t o r i s a t tached d i r e c t l y t o 
t a b . 

15 Mint 
( B l p l a a . 

o n l y ) 

h U u l « 
Sym, 
T o r s i o n 

3ad0 *b i t em 15 a b e f « , s w « p t c en t e r o f 
r o t a t i o n may be loa&led between upper 
and Lcwar w l n g t . (Vihrortoi- n o t i n g i n 
ci iordwiae d i r e c t i o n at uppar wing cu te r 
r o a r i n t e r p l a n e s t r u t at t f tohment,) 

Tabs 
(Ru33eY 
A i l e r o n 
K l e v a t c r J 

Ncte t E f f e c t e f v i b r a t o r m i g h t on tpZ f r e ­
quency should be i n v e s t i g a t e d when 
v i b r a t o r i s a t tached d i r e c t l y t o 
t a b . 

15 Mint 
( B l p l a a . 

o n l y ) 

h U u l « 
Sym, 
T o r s i o n 

3ad0 *b i t em 15 a b e f « , s w « p t c en t e r o f 
r o t a t i o n may be loa&led between upper 
and Lcwar w l n g t . (Vihrortoi- n o t i n g i n 
ci iordwiae d i r e c t i o n at uppar wing cu te r 
r o a r i n t e r p l a n e s t r u t at t f tohment,) 30 T r i j i 

o r 
Balanoe 

T o r s i o n T o r s i o n a l v i b r a t i o n o f tbe t a b under the 
s p r i n g o a t i o n o f t he to rque t u b e . Bod* on 
T+E. ( V i b r a t o r on t a b near one e n d . ) 

16 
( B i p l a n e 

•only J 

C e l l u l e 
Unsym. 
T o r s i o n 

3t™? u i t « o 14 above , e x c e p t eaator o f 
r o t s t i o a any be l o e v t e d b s t m a n upper and 
l o w e r w i n g s . ( V i b r a t o r e a t i n g In chord-
w i s e d i r e c t i o n a t upper wing outer r a a r 
i n t e r p l a y s e t r u t a t t achmen t . ) 

T r i j i 
o r 

Balanoe 

T o r s i o n T o r s i o n a l v i b r a t i o n o f tbe t a b under the 
s p r i n g o a t i o n o f t he to rque t u b e . Bod* on 
T+E. ( V i b r a t o r on t a b near one e n d . ) 

16 
( B i p l a n e 

•only J 

C e l l u l e 
Unsym. 
T o r s i o n 

3t™? u i t « o 14 above , e x c e p t eaator o f 
r o t s t i o a any be l o e v t e d b s t m a n upper and 
l o w e r w i n g s . ( V i b r a t o r e a t i n g In chord-
w i s e d i r e c t i o n a t upper wing outer r a a r 
i n t e r p l a y s e t r u t a t t achmen t . ) 

31 Servo 
tmhp 

Sym. rob as a u n i t swing ing b o o t and f o r t h u&der 
« a * sp r ing a c t i o n a l th£ o o i i t r & l o a b l « s . 
( V i b r a t o r on adjaoent tab suppor t ing s t r u o -
t u r e , o r en t ab i t s e l f , ) 

Fuse lage T o r s i o n Uhoie t a i l u n i t and f u s e l a g e v i b r a t i n g 
t o r s i o n a l l y about l o n g i t u d i n a l a x l e . (See 
I t em £S a l s o ) ( V i b r a t o r on f i n o r s t a b i l ­
i s e r - on h i n g e l i n e , a t t i p o f s u r f a c e . ) 

31 Servo 
tmhp 

Sym. rob as a u n i t swing ing b o o t and f o r t h u&der 
« a * sp r ing a c t i o n a l th£ o o i i t r & l o a b l « s . 
( V i b r a t o r on adjaoent tab suppor t ing s t r u o -
t u r e , o r en t ab i t s e l f , ) 

T o r s i o n Uhoie t a i l u n i t and f u s e l a g e v i b r a t i n g 
t o r s i o n a l l y about l o n g i t u d i n a l a x l e . (See 
I t em £S a l s o ) ( V i b r a t o r on f i n o r s t a b i l ­
i s e r - on h i n g e l i n e , a t t i p o f s u r f a c e . ) 

32 Servo 
J2_~ 

T o r s i o n Sane as i t em 10 above* ( V i b r a t o r on t a b 
• e a r onQ e n d * ) 

a s Balance 
HftljJltiB 
f o r a o v -
ab l e 
swri -
bUunted on 
long uup-
por ta 

Bending 
o f 

support 

Support bending as a beam ( f i x e d a t o n e end) 
I n va r ious p lanes depending on the r i g i d i t y . 
Beet Important d i r e c t i o n s , a r e w r t i c a l and 
sideway* w i t h r e l a t i o n t o the a i r p l a n e 
c e n t e r l i n e . ( V i b r a t o r near ba l ance we igh t 
s u p p o r t . ) 
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CIVIL AERONAUTICS MANUAL 

5 . Testing. A certain amount of experience i s necessary in 
recognizing the various modes and resonant frequencies. In 
conducting the t e s t s , the vibrator should be placed on the 
structure as suggested and then operated at increasing speeds 
unt i l a response peak i s reached (the amplitude of vibration 
of the structure i s appreciably greater than at s l i g h t l y 
higher or lower speeds, thus indicating a resonant condition), 

6 . During the vibration tes t s involving the control system, 
the controls should be restrained by an assistant to simulate 
the condition in f l i gh t , TJhen the control system incorporates 
dampers or power boosters, their effect on the frequencies 
should be considered. I t i s important that cable control 
systems be rigged to their proper tension. In general i t 
w i l l be found that cable control systems w i l l have a larger 
resonant frequency response range than a more r ig id system, 
such as one incorporating push pull tubes with close f i t t i n g 
Joints. In the former case, when an unusually large range i s 
encountered, i t i s desirable to record the frequencies at both 
ends of the response range. In most cases i t i s sat isfactory 
to note only the mean frequency value for the particular mode. 

7 . -It should be noted that i t may be possible t o excite a 
certain mode in more than one way. For instance, the fuselage 
torsional frequency may be excited in the f in bending t e s t and 
conversely the f i n bending frequency may be excited in the 
fuselage torsion t e s t . Cases of t h i s type wi l l serve as cross 
checks on each other. 

' The phase relationship of vibrating parts may be determined 
by the method shown in Fig. 28a as applied to the par­
t icular case of the elevators. The metal plates A ana £5, 
attached to the tra i l ing edges of the elevators and intercon­
nected with a wire, are necessary only in the case of fabric 
covered surfaces or surfaces which have a poor e lectr ica l 
interconnection. When the parts are vibrating the phase r e ­
lationship may be determined by manually holding the leads 
C and D close to the surfaces so that intermittent contact i s 
made during each cycle . I f the l ight flashes or c l icks are 
heard in the headphones at regular intervals (with the contacts 
in the same side; i . e . , upper or lower) , the surfaces are 
vibrating in phase, whereas, i f the l ight does not f la sh , or 
no c l ick i s heard in the headphones, the surfaces are out of 
phase. This should be verified by reversing one contact, for 
example, putting contact D on the upper s ide . 

The location of the nodes of the various forms of vibration 
should be established by the t e s t s . In many cases the location 
of the nodes i s self-evident, or can be determined by visual 
observation or by "feel". Determination of the nodes by the 
foregoing methods i s generally satisfactory for most modes of 
vibration. I f the torsional axis of vibration of the fuselage 
(or the nodes for other modes of vibration) cannot be d e f i ­
n i te ly established by the above methods, a more detailed pro­
cedure, involving measurements of the amplitudes of vibration 
at various points, should be employed. 
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8 . A number of frequency trend curves are shown in Figure 28b. These w i l l 
be expanded as more data become available- The wing and stabil izer data 
shown on this figure were obtained on unbraced surfaces. I t should be 
appreciated that these trends are approximate and can "serve as a rough guide 
only. Many factors, such as the -type of construction involved, e t c . , w i l l 
hay© a marked influence on the actual values which w i l l be obtained for any 
particular design. 

9 . Fig. 28 gives a detailed description of the possible modes that may be 
observed during the tests and includes suggested vibrator locations for 
each mode. In general, only a fraction of the modes l i s ted wi l l be applicable 
to any one airplane. _ _ _ _ _ 

3 PROOF OF CONTROL SYSTEMS. 

1 . In some cases involving special leverage or gearing arrangements, the 
cr i t i ca l loading on the control system may not occur when the surface is fu l ly 
deflected. For example, in the case of wing flaps the most cr i t ica l load on 
the control system may be that corresponding to a relatively small f lap d is ­
placement even after proper allowance is made for the change in hinge moment. 
This condition w i l l occur when the mechanical advantage of the system becomes 
small at small f lap deflections. 

2 . An investigation of the strength of a control system includes that of the 
various f i t t ings and brackets used for support. In particular, the r ig idi ty 
of the supporting .structure i s important especially in aileron, wingflap, and 
tab control systems. 

4 PROOF OF LANDING GEAR. 

1 . The landing conditions tabulated in Figs . 24 and 25 are chosen so as to 
cover the various possible types of landings with a minimum amount of investi­
gation. It w i l l usually be found that each different condition is cr i t ica l 
for certain different members. If the design i s such that i t is obvious that 
a certain condition cannot be cr i t i ca l for any member, such a condition need 
not be investigated. I t wi l l probably be necessary, however, to determine the 
loads acting on the fuselage in a l l conditions, for use in the fuselage ana­
l y s i s . 

2 . In order to simplify the procedure used in analyzing landing gear and 
f loat bracing i t is recommended that the following, conventions be usedj 

a. The basic reference axes are designated by V (positive upward), 
D, (positive rearward) and H (positive outward). (For side landing 
conditions H wi l l be positive outward only with respect to one side. 

b . Tension loads are posit ive , compression loads negative. 
c. Moments are represented by vectors according to the "right hand" rule . 
d. The basic axes also represent positive moment vectors, each axis 

being the axis of rotation for the corresponding moment. (Note that 
changing the sign of a moment reverses the direction of the vector.) 

e . In writing the equations of equilibrium, a l l forces are i n i t i a l l y 
assumed to be tension, i . e . , posit ive. The true nature of the forces 
w i l l be indicated by the sign of the vector obtained in the f inal 
solution. 

f. Moments can be combined veetorial ly in exactly the same manner as 
forces and can also be solved for by the same methods. 
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140 ENERGY ABSORPTION TESTS. 

A GENERAL. 

1 . As stated in CAR 04*440 the shock-absorting system must so l imit the 
acceleration in specified drop t e s t s (CAR 04*2411 and CAR 04.2420) that 
the ultimate load used in the design of any member i s not exceeded. In 
general this i s interpreted to mean that the acceleration recorded in drop 
tes t s should not exceed the ultimate load factor for the oondition being 
tested* In infrequent oases the ultimate load factor i s exoeeded in a 
drop t e s t but, due to margins of safety, the ultimate strength of any 
member i s not exceeded. In such cases the true margins should be l i s t ed 
In the analysis . Drop t e s t s alone from the required height are not acceptable 
as proof of strength. Any yielding of structural components in drop t e s t s 
w i l l be subject to review and further consideration. 

2 . Many cases arise which involve approval of a higher gross weight, the 
necessary greater height of drop, ahd/or the use of different t ires fran 
those used in the original d-op t e s t . In some such eases i t maybe possible 
to demonstrate compliance with the requirements with out an additional drop 
t e s t . In general , however, time and expense w i l l be saved i f such changes 
are anticipated and substantiated at the time of the original drop t e s t . 

3 . In the drop t e s t i t i s acceptable to allow for the effeot of wing l i f t 
present in the landing maneuver only when such e f fect i s substantiated, 
i . e . . when a completely rational analysis of the problem is made. 

B MAIN SEAR TESTS ** FIRST METHOD 

1 . The f i r s t method of testing involves dropping the fuselage or 
equivalent structure with the complete landing gear attached. A 
beam with the proper location of landing gear fitting*may he con­
sidered as equivalent structure. Tests should be made for either 
the three-point or level landing condition, whichever i s c r i t i c a l 
with respect to energy absorption, i . e . , whichever ( i n the oase of 
conventional gear) involves a smaller component of wheel travel 
(re lat ive t o the airplane) in, the direction of the resultant exter­
nal foroe. See E below for considerations in the oase of nose wheel 
type gear. However, t e s t s should also be made for the other condi­
tion i f i t involves higher bending loads in the shook absorber than 
does the c r i t i c a l oondition. 

2 . For the three-point landing t e s t the rear end of the fuselage i s 
held in place on the f l oor as shown in Fig . 2 9 . For the level land­
ing tes t the rear end of the fuselage i s raised unt i l the center of 
gravity of the loaded airplane i s ver t i ca l l y above the wheel ax les , 
or unt i l the fuselage i s inclined at a nose-down angle of 14 degrees, 
whichever i s reached f i r s t . The rear end of the fuselage i s then 
held in th is posit ion, as shown in Fig. 2 9 . Care should be taken, 
particularly in the level landing drop t e s t , to restrain the rear 
end of the fuselage from r is ing as a resul t of the impact. When the 
airplane is in position for the drop i t is advisable to place sand bags 
under the structure near the CO to minimize the damage in oase of 
f a i l u r e . 
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(REF. CAM 0 4 . 3 4 0 - 81 

FIG. 29 SET-UP FOR LANDING GEAR DROP T E S T 
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3 . The accelerations should be obtained by use of a recording ac-
celerometer» a space-tiJne recorder, or other suitable means attached 
or connected as close to the CG as possible . The NACA has a number 
of accelerometers -which are approved for this purpose and T r i l l lend 
them to manufacturers on request. In this connection i t should be 
noted that -when accelerometers are used they should have a very short 
natural period, i . e . , 1/20 second or l e s s . In general the use of a 
recording device in which a mass travels an appreciable distance m i l l 
be questioned. 

4 . The following procedure should be observed in conducting the testst 

a. For tests in the level landing attitude the weight on the main 
wheels should be the f u l l gross weight of the airplane. Note 
that this does not require that additional weight be used to 
duplicate the stress analysis resultant load which includes the 
vert ical and a f t components. In the three-point attitude the 
weight on the main wheels should be the s ta t i c reaction for this 
attitude with the f u l l gross weight at i t s most forward CG 
location. 

b . The t i re pressure should be the same as that recommended by the 
Tire and Rim Association for use in service. Likewise the 
proper f l u i d , f lu id level and air pressure ( i f any) of the shook 
absorber should be used. 

c. A hoisting sling with a quick-release mechanism i s attached 
to the fuselage near the center of gravity. By means of this 
hoist the front end of the structure is raised unti l the t i re s 
are clear of the f loor by the desired amount. "When using the 
tape type space-time recorder i t i s desirable to mark the 
"static" and "dear" positions on the tape. 

d. The f l o o r , or a steel plate placed under the t i r e s , may be 
greased i f desired to prevent the t ires from rol l ing off the 
rims i f there is appreciable side movement of the wheels. 

e . The quick-release is operated, allowing the struoture to drop 
free ly . 

5 . I t is advisable that the drop height be increased by increments from 
some low value until the height specified in CAR 04.2411 is attained 
so that unsatisfactory characteristics can be detected before the gear 
is overstressed. Note that the specified height i s measured from the 
bottom of the t ire to the ground, with the landing gear extended to i t s 
extreme unloaded posit ion. 

6 . The f ina l t e s t should be witnessed by a representative of the 
Administrator. The manufacturer's report should include, in addition 
to other data (see CAM 04.032,-A), the accelerometer records or exact 
copies of them, with the magnitude of iii© maximum acceleration 
determined and marked thereon. A record of the maximum t i re deflection 
should also be given. 
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MAIN GEAR TESTS - SECOND METHOD 

1 . The second method of testing involves dropping the shock absorption 
un i t , including -wheel and t i r e assembly, in a special tes t r i g . When 
using this method i t is strongly recommended that the actual linkage 
rat ios (wheel trave l t o shock absorber trave l ) be duplicated, and that 
bending in the shock absorber member ( i f present in service) be simulated 
in the t e s t , when this i s impracticable i t w i l l be acceptable to use the 
"in line** method (wheel, shock-absorber and load in l ine) outlined below 
provided that the following points are observed: 

a . Prior to f ina l t e s t s the proposed test procedure should be sub­
mitted to the Administrator for ruling as to i t s acceptability« 

b . Drops should be made from several different heights in order 
to establ ish the trend in accelerations. 

o . The *in line" metiiod i s not recommended when the values of K 
(see 2a below) exceeds 1 . 7 5 . 

d« A margin between the developed acceleration and the ultimate 
load fac tor , proportional to the degree of bending present in 
service and the pertinent value of K, should be shown. 

2 . The following procedure should be observed in sett ing up for 
n i n line" drop te s t ; 

a . Determine the value of K (rat io of the s ta t i c load on the strut 
to the s ta t i c load on the t i r e ) for the cr i t i ca l oondition being 
simulated in the t e s t (See B above and E below for considerations 
involved). 

b . Use a t e s t weight equal to K times the stat io load on the t i r e . 
Of th is t e s t weight, the "unsprung" or "semi-sprung* portion of 
the j i g weight, i . e . , that portion of the j i g weight which moves 
with the wheel, should be held to the minimum practipable. 

c . Replace the original t i r e with a t i r e having a load deflection 
curve each ordinate (load) of which i s K times the original 
value and each abscissa (deflection) of which is approximately 
l/z times the original value, the original values being those 
for the t i r e actual ly used. In addit ion, the maximum deflection 
of the t e s t t i re should be limited to j / k times the maximum' de­
f l e c t i on of the original t i r e . I t may be possible to obtain the 
above characteristics by changing the inf lat ion pressure of the 
original t i r e and by using stops. 

d . The height of free drop should be l / K times the-height specif ied. 

e . The foregoing adjustments are necessary in order to reduce to a 
minimum the errors in impact energy, piston ve loc i ty , and shock 
strut load. Note that such errors increase with an increase in 
the value of E . 
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D TESTS OF TAIL WHEELS AND TAIL SKIDS. 

1 . Tests for the energy absorption capacity of the t a i l wheel assembly 
may be made in a manner similar to that used for test ing a complete main 
gear assembly (See CAM 04 .340-B) , exoept that the tes t s need be made only 
for the three-point oondition. The tes t load maybe obtained by loading 
the fuselage or by concentrating the required mass over the t a i l -wheel. 

2 . In conducting these tes ts the front wheels rest on the f loor while 
the t a i l i s raised the required distance (See CAR 04.2411) and dropped. 
The accelerameter or space-time recorder tape i s attached t o the structure 
at a point over the wheel. Drop tes ts of complete assemblies, or w i n - l i n e n 

drops made in t e s t r igs (See CAM 0 4 . 3 4 - C ) , are equally acceptable. 

3 . Tests for the energy absorption capacity of t a i l skids should be con­
ducted in a manner similar to that outlined above for t a i l wheels . 

E TESTS OF NOSE-WHEEL TYPE GEAR 

1 . In general, the tests of main wheel and nose wheel instal lat ions 
may be made in accordance with the methods outlined in A to C above. 
The tes ts of each insta l la t ion should be made for the most cr i t i ca l 
(most unfavorable With respect to shock absorption) of the conditions 
outlined in CAM 04.240-2a through 2e . Bach of these conditions is a s ­
sumed to be produced by the free drop frcan the height specified in 
CAR 04 .2411 . In determining the c r i t i c a l conditions* consideration 
should be given to the value of ihe component of wheel travel (relat ive 
to the airplane) in the direction of ttie resultant external force and 
also to the magnitude of this force . In general, the higher the force 
and the smaller the t r a v e l , the more c r i t i c a l the condition. In cases 
where question arises as to the appl icabi l i ty of the design conditions 
used i t i s advisable to conduct actual landing and taxiing tes t s with 
one or more accelerometers instal led in the airplane. 

2 . In a l l cases the proposed test procedure, together with details of 
the insta l lat ion, should be submitted to the Administrator for comment prior 
to the t e s t s . 

F TESTS AT PROVISIONAL WEIGHT 

1. When advantage i s 1aken of the provisions of CAR 04.711 in design­
ing the landing gear only for the standard weight, i t is necessary to 
show that the airplane is capable of safely withstanding the ground 
shock loads incident to taxiing and taking-off at the provisional weight. 
This can be demonstrated by showing that the accelerations developed in 
taxiing and taking-off over rough ground (off runway)are such that the 
l imit load for any landing gear member is not exceeded. The accelerations-
developed in these tes t s should be obtained by means of a recording ac­
celerameter. 
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PROOF OF FUSELAGES AND ENGINE MOUNTS 

GENERAL 

1* In addition to determining the loads in the main structural members 
of a fuselage, the loca l loads imposed by the internal weights which 
they support should not be overlooked. This applies particularly to 
members which serve both as a c r i t i c a l portion of the primary structure 
and -as a means of support for some item of appreciable weight. Also , 
whenever c r i t i c a l , control system loads which occur in the specific 
f l i g h t or landing conditions should be combined with the primary 'loads. 
The combined stresses should be determined in such cases. 

STRESS ANALYSIS PROCEDURE 

1 . Weight Distribution. A l l major items of weight affecting the fuselage 
should be so distributed to convenient panel points that the true center 
of gravity of the fuselage and i t s contents i s maintained. A suitable ver­
t i c a l divis ion of loads should be included. The following rules should 
be followed In computing the panel point loads for conventional a i r ­
planes i 

a. The weight of an item located, between two adjacent panel 
points of the side trusses should be divided between those 
panel points in inverse proportion to the distance from 
them to the center of gravity of the item. 

b . The weight of an item to the rear of the t a i l post or f o r ­
ward of the front structure should be represented in the 
table by a load and a horizontal couple at the t a i l post or 
front frame, as the ease may be . 

o . The weight of an item supported at three or more panel points 
should be divided between those points by the aid of an in­
vest igat ion and analysis of the method of support, i f prac­
t i cab le . When a rational analysis i s not poss ible , the d iv i ­
sion may be estimated. 

d. In a l l cases the moment of the part ia l panel loads due to any 
item about an origin near the nose of the fuselage should be 
equal to the moment of the item about that origin. 

e . A l l loads maybe assumed to l i e in the plane of symmetry and 
to be divided equally between the two ver t i ca l trusses of the 
fuselage. 

2 , Balancing (Symmetrical Conditions). Methods of balancing the a i r ­
plane are discussed in CAM 04 .218 . I t w i l l , in general, be sat i s fac­
tory to apply direct ly the balancing loads found in the various f l i g h t 
conditions. The acceleration factor applied to each item of mass in 
the fuselage w i l l be the net acceleration factor as determined from the 
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PROOF OF FUSELAGES AND ENGINE MOUNTS 

GENERAL 

1 . In addition to determining the loads in the main structural members 
of a fuselage, the loca l loads imposed by the internal weights which 
they support should hot be overlooked. This applies particularly to 
members which serve both as a c r i t i c a l portion of the primary structure 
a n d a s a means of support for some item of appreciable weights Also , 
whenever c r i t i c a l , control system loads which occur in the specific 
f l i g h t or landing conditions should be combined with the primary 'loads. 
The combined stresses should be determined in such cases . 

STRBSS ANALYSIS PROCEDURE 

1 . "Weight Distribution. A l l major items of weight affecting the fuselage 
should be so distributed to convenient panel points that the true center 
of gravity of the fuselage and i t s contents i s maintained. A suitable ver­
t i c a l divis ion of loads should be included. The following rules should 
be followed in computing the panel point loads for conventional a i r ­
planes t 

a . The weight of an item located between two adjacent panel 
points of the side trusses should be divided between those 
panel points in inverse proportion to the distance from 
them to the center of gravity of the item. 

b . The weight of an item to the rear of the t a i l post or f o r ­
ward of the front structure should be represented in the 
table by a load and a horizontal couple at the t a i l post or 
front frame, as the case may be . 

c . The weight of an item supported at three or more panel points 
should be divided between those points by the aid of an in­
vest igation and analysis of the method of support, i f prac­
t icable . When a rational analysis i s not poss ib le , the d iv i ­
sion may be estimated. 

d. In a l l cases the moment of the part ia l panel loads due to any 
item about an origin near the nose of the fuselage should be 
equal to the moment of the item about that origin. 

e . A l l loads may be assumed to l i e in the plane of symmetry and 
to be divided equally between the two ver t i ca l trusses of the 
fuselage. 

2 . Balancing (Symmetrical Conditions). Methods of balancing the a i r ­
plane are discussed in CAM 04 .218 . I t w i l l , in general, be sat i s fac­
tory to apply d irect ly the balancing loads found in the various f l i ght 
conditions. The acceleration factor applied to each item of mass in 
the fuselage w i l l be the net acceleration factor as determined from the 
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04.36-B 

.36 PROOF OF FUSELAGES AND ENGINE MOUNTS 

A GENERAL 

1 . In addition to determining the loads in the main structural members 
or a fuselage, the loca l loads imposed by the internal weights which 
they support should not be overlooked. This applies particularly to 
members which serve both as a c r i t i c a l portion of the primary structure 
and'as a means of support for some item of appreciable weight* Also , 
whenever c r i t i c a l , control system loads which occur in the specific 
f l i g h t or landing conditions should be oombined with the primary'loads. 
The combined stresses should be determined in such cases. 

B STRESS ANALYSIS PROCEDURE 

1 . Weight Distribution. A l l major items of weight affecting the fuselage 
should be so distributed to convenient panel points that the true center 
of gravity of the fuselage and its ,contents i s maintained. A suitable ver­
t i c a l divis ion of loads should be included. The following rules should 
be followed in computing the panel point loads for conventional a i r ­
planes* 

a. The weight of an item located between two adjacent panel 
points of the side trusses should be divided between those 
panel points in inverse proportion to the distance from 
them to the center of gravity of the item. 

b* The weight of an item to the rear of the t a i l post or f o r ­
ward of the front structure should be represented in the 
table by a load and a horizontal couple at the t a i l post or 
front frame, as the oase may b e . 

c . The weight of an item supported at three or more panel points 
should be divided between those points by the aid of an in­
vest igat ion and analysis of the method of support, i f prac­
t i cab le . When a rational analysis i s not poss ible , the d iv i ­
sion may be estimated. 

d* In a l l cases the moment of the part ia l panel loads due to any 
item about an origin near the nose of the fuselage should be 
equal to the moment of the item about that origin. 

e . A l l loads may be assumed t o l i e in the plane of symmetry and 
to be divided equally between the two vert ica l trusses of the 
fuselage. 

2 . Balancing (Symmetrical Conditions). Methods of balancing the a i r ­
plane are disoussed in CAM 04 .218 . I t w i l l , in general, be sat i s fac­
tory to apply d irect ly the balancing loads found in the various f l i gh t 
conditions. The acceleration factor applied to each item of mass in 
the fuselage w i l l be tho net acceleration factor as determined from the 
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balancing computations. The basic inertia force on any item wi l l be 
paral le l to the resultant external applied force and w i l l not, in gen­
e r a l , be perpendicular to the thrust l ine . In certain cases the chord 
components of the inertia forces ( i . e . , the components along the thrust 
line or fuselage centerline) can conveniently be combined into a single 
force applied at the nose of the fuselage. This procedure permits the 
use of vert ica l inertia loads but i t should not be used unless I t Is 
obviously conservative for the cr i t i ca l fuselage members. 

3 . Balancing (Unsymmetrical Conditions). In any condition involving 
angular acceleration about a given a x i s , the inertia force applied to 
the structure by any item of -weight i s proportional to the mass or weight 
of the item and to i t s distance from the axis of rotation. Each angular 
inertia foroe wi l l act in a direction perpendicular to the radius line 
between the item and the axis of rotation. In order to fac i l i ta te the 
analysis of a condition involving both linear and angular acceleration, 
the loads produced by the linear acceleration should be determined sep­
arately from those produced by angular accelearation. "When unbalanced 
external loads are applied this involves the determination of the magni­
tude of the net resultant external load and i t s moment arm about the 
proper axis through the CG of the airplane. I t w i l l usually be ac­
ceptable, in analyses of this nature, to represent the weights of 
major items such as wing panels, nacel les , e t c . , by assumed con­
centrated masses at the centers of gravity of the respective items. 
Fig. 30 i l lus trates approximate methods by -which the fuselage can be 
balanced for a typical unsymmetrical landing condition (one-wheel 
landing). 

a. Fig. 30a shews a level landing condition in 'which the re ­
sultant load does not pass through the center of gravity. 
In such a case i t wi l l generally be acceptable to apply a 
balancing couple composed of a downward force acting near 
the nose of the fuselage and an equal upward force acting 
at the same distance to the rear of the center of gravity. 
These arbitrary forces can be considered as approximately 
representing angular inertia forces and they may be divided 
between the nearest panel points, i f desired. 

b . Fig. 30b indicates an acceptable method of balancing ex­
ternal ly applied rol l ing moments about thelongitudinal ax i s . 
The forces resisting angular acceleration are assumed to be 
applied by the wing. The arbitrary location shown is based 
on the fact that the effectiveness of any item Is proportional 
to i t s distance from the center of gravity . The balancing 
loads maybe assumed to be v e r t i c a l , although they actually 
act normal to a radius line through the center of gravity of 
the airplane. If nacelles or similar items of large weight 
are attached to the wing, the balancing couples can be divid­
ed between nacelles and wing panels in proportion to their 
effectiveness. This type of balancing applies also to side 
landing conditions, including those for seaplanes. 
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o* Fig. 30c shows an approximate method for balancing a moment 
about a vertical axis . This condition exists in a one-wheel 
landing. It i s conservative (for the wing attachment members) 
to assume that the balancing couple Is supplied entirely by 
the wing. The magnitude of the unbalanced moment about a 
vertical axis i s , however, relat ively small in the design con­
ditions required in CAR 04. In order to secure ample r ig id ­
i ty against loads tending to twist the wing in i t s own plane, 
i t may sometimes appear advisable to check the wing attachment 
members or cabane for a greater unbalanced drag load acting at 
one wheel, or for a side load acting at the t a i l . 

d. It should be noted that the balancing couples shown on Fig.30 
wi l l act in addition to the inertia loads due to linear accel­
eration. For instance, in Fig. 30b the load V shown as a re­
action at the CO actually represents the inertia loads of a l l 
the components of the airplane. Those due to the wing weight 
wi l l act uniformly on each wing panel and wi l l be added arith­
metically to the forces representing the angular Inertia e f fects . 
This applies also to the other oases i l lustrated. 

SPECIAL ANALYSIS METHODS 

1 . Torsion in truss-type fuselages. In analyzing conventional 
truss-type fuselages for vertical t a i l surface loads i t w i l l be 
found convenient to make.simplifying assumptions as to internal 
load distribution. The following methods may be used for this 
purpose, the f i r s t method being more conservative than the second* 

a. The entire side load and torque may be assumed to be re­
sisted only by the top and bottom trusses of the fuselage. 
The distribution to the trusses can be obtained by taking 
moments about one of the truss centerlines at the t a i l post. 

b . For the structure aft of the rearmost bulkhead the t a i l load 
may be represented by a side load acting at the center of the 
t a i l post and a couple equal to this load times i t s vertical 
distance from the center of pressure of the vertical t a i l . 
The side load may be assumed to be divided equally between 
top and bottom trusses. For the struoture forward of the 
rearmost bulkhead the t a i l load may be represented by a side 
load acting at the center of the t a i l post and a torque act­
ing at the rearmost bulkhead equal to the t a i l load times 
the vertical distance from the center of pressure of the ver­
t i ca l t a i l to the center of this bulkhead. This side load 
may be assumed to be divided equally between top and bottom 
trusses. The assumption may be made that the torque (not the 
forces composing the equivalent couple) is divided equally 
between the horizontal and vertical trusses. The couples 
acting on the bulkhead and resisted by the top, bottom, and 
side trusses can then be readily obtained. Stress diagrams 
should be drawn for the trusses to obtain the loads in the 
members. The longeron loads should be taken from the diagrams 
for the horizontal trusses or vertical trusses, or taken as 
the combined loads from both trusses, whichever are largest. 
(This arbitrary practice is advisable on aocount of the un­
certainty of the load distribution between trusses^ 
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c . The diagonals of the rearmost bulkheads, i . e . , the bulkheads 
through -which the torque i s transmitted to the wing, and of 
a l l bulkheads adjacent to an unbraced bay, should be designed 
to transmit the total torque. Intermediate bulkheads should 
be designed to transmit 25 percent of the tota l torque. 

d. In some cases the loads obtained in the bottom truss members 
may be quite small. In such cases i t should be noted that i t 
is desirable to maintain a high degree of torsional r ig id i ty 
in the fuselage and that the r ig id i ty of the top truss wi l l 
be completely ut i l ized in this respect only uhen the bottom 
truss i s equally r ig id . 

2 . Engine Torque. In investigating the conditions Involving engine 
torque, the following points apply: 

a. The basic torque may be computed by the following formula: 

T = 63,000 P/N, where 
T = torque in inch pounds, 
P = horsepower of engine, 
N = propeller speed in revolutions per minute. 

b . The resulting moment is taken care of by an unsyimnetrical 
distribution of load between the wings and by forces in the 
fuselage cross bracing. In certain cases, especially when 
geared engines are used, the stresses due to the torque 
should be computed for a l l fuselage members affected, the 
necessary reactions being assumed at the connections of the 
wings with the fuselage. Otherwise the following approx­
imation may be used for nose engines. The torque load i s 
assumed to act down on the engine bearer and to be held in 
equilibrium by vert ical forces acting at the main connec­
tions of the wings with the fuselage, the engine bearer and 
the members of the fuselage side truss being assumed to l i e 
in a single plane parallel to the plane of symmetry. 

c. "When a direct-drive engine is carried by engine bearers that 
are supported at two or more points , the torque load should 
be divided between the points of support in the same propor­
tions as the weights carried by the engine bearer. When an 
engine is supported by a vert ical plate or ring, the torque 
can correctly be assumed to act at the points of attachment. 
(The dead weight of the engine, however, should be assumed 
to act at the center of gravity of the engine.) 

d. In combining the torque condition with any other loading con­
di t ion , for a symmetrical structure, the stresses due to 
torque are to be added arithmetically, not algebraical ly , to 
those obtained for the symmetrical loading condition, because 
i f the forces induced by the torque load in any member are 
opposite in character to those due to the dead weights there 
w i l l normally be a corresponding member on the opposite side 

of the fuselage in which the forces due to the torque loads 
and weights w i l l be of the same character. 

.3-35 



CIVIL AERONAUTICS MANuAL 

e . In analyzing an engine mount structure, care should be taken 
to distribute the torque only to those members -which are able 
to supply a resist ing couple. For example, in oertain struc­
tures having three points of support for the engine r ing, i t 
may be necessary to divide the entire engine torque into a 
single couple, applied at only two of the supporting points. 

ANALYSIS OF STRESSED-SKIN FUSELAGES 

1 . The strength of skin-stressed fuselages i s affected by a large 
number of factors , most of which are d i f f i cu l t to account for in a 
stress analysis. The following are of special importance] 

a. Effects of doors, windows, and similar cut-outs. 
b . Behavior of metal covering in compression as a shear 

web, including the effects of wrinkling. 
c. Strength of curved sheet and st i ffener combinations, 

including f i x i t y conditions and curvature In two di ­
mensions. 

d. True location of neutral axis and stress distribution. 
e . Applied and allowable loads for rings and bulkheads. 

2 . Unless a fuselage of this nature conforms closely to a previously 
constructed type, the strength of which has been determined by t e s t , 
a stress analysis i s not considered as a suff ic iently accurate means 
of determining i t s strength. In a l l cases , the stress analysis should 
be supplemented by pertinent tes t data. Whenever possible i t i s de­
sirable to tes t the entire fuselage for bending and torsion, but tests 
of certain ccmpbnent parts may be acceptable in conjunction with a 
stress analysis. As this subject i s now being investigated by the NACA, 
the latest information should be obtained frcm that organization before 
the stress analysis or t e s t methods are decided upon. 

PROOF OF FITTINGS AND PARTS 

1 . In the analysis of a f i t t ing i t i s desirable to tabulate a l l the 
forces which act on i t in the various design conditions. This procedure 
wi l l reduce the chances of overlooking some combination of loads which 
are c r i t i c a l . ^ 

2 . The additional ultimate factor of safety of 1.20 for f i t t ings 
{CAR Table 04-7) is to account for various factors such as stress con­
centration, eccentricity, uneven load distribution, and similar features 
which tend to increase the probability of fai lure of a f i t t i n g . As 
noted in the Table, this factor may be covered by several other factors 
so that -when the ultimate factor of safety for any portion of the struc­
ture equals or exceeds 1.80 the f i t t ings included in this portion are 
not subject to an increase in factor above the value used for the primary 
members. 
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DETAIL DESIGN AND CONSTRUCTION 

MATERIALS AND 'WORKMANSHIP 

1 . Materials and processes conforming to the specif icat ions of the 
Army, Navy, S . A . E . or other responsible agencies are satisfactory.* 
I t i s important that minimum spec i f icat ion values of strength prop­
e r t i e s given in A3JC-6 be used rather than "typical" or "average" 
va lues . 

2 . Tolerances should be c lo se ly held in order that the assumed or 
tested structure i s accurately reproduced. Metal sheet and tubing 
gages usual ly conform to we l l established spec i f i ca t ions . Tolerances 
on jna.ob.ined parts are based on general practice and w i l l vary from 
about ± .015 inch to values necessary toseeure interehangeabil ity of 
mating par t s . Tolerances on sheared and nibbled parts are usually 
+ 1/32 inch. Minus tolerances on sect ion dimensions of wood s truc­
tura l members such as spars should not exceed 1/64 inch in the f u l l y 
seasoned condition unless j u s t i f i e d by check of margins. Plus t o l e r ­
ances are l imited by assembly considerations. 

S . Long assemblies such as spars with a large number of r ive t s w i l l 
"grow" s l i g h t l y as the r ivet ing progresses. End f i t t i n g s should 
therefore be j i g ins ta l l ed as a l a s t operation. A s imilar procedure 
i s followed with welded assemblies. Heat treating of long welded 
structures resu l t s in shrinkage and in extreme oases allowances for 
th i s must be made. 

" 4 . In regard to wood construction, Sitka spruce has been the 
most extensively used species in the fabr icat ion of primary s truc­
tura l members due to i t s high strength-weight r a t i o , i t s excel lent 
over -a l l handling q u a l i t i e s and i t s uniformity in texture and pro­
per t i e s . Several other species , however, are a l so su i tab le for 
such use and may be subst i tuted for spruce, in some cases d irec t ly 
and in other cases, with only minor design rev i s ions . I t i s a s ­
sumed that spruce w i l l , in general, be used as a basis f o r design, 
hence Figure 30A (on the reverse side of th is sheet) has been se t 
up using spruce as a standard mater ia l . Figure 30A includes com­
parative information on strength propert ies , various l imi t ing 
factors on the se lec t ion of wood of a i r c r a f t qual i ty , remarks on 
the character i s t i c s of each wood l i s t e d and general notes on wood 
de fec t s . This tab le w i l l be revised or expanded as the need ar i ses ." 

GLUING 

1 . High grade case in , animal, and synthetio res in glues are s a t i s ­
fac tory . Detai l s of composition and methods are given in Appendix IV 
herein. I t should be noted that oondition of the surface , moisture 
content of the wood, gluing pressure, and protective coatings as well 
as other factors play an important part in the making of acceptable 
j o i n t s . 
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NOTES 4 / 8 / 4 2 
1 . QRAIK D E V I A T I O N . I t w i l l b e n o t e d ' t h a t v a r i o u s s p e c i f i c a t i o n s f o r a i r o r a f t l u m b e r n a i l f o r a maximum p e r m i s s i b l e g r a i n d e v i a t i o n o f 1 i n o h i n ' 2 0 

i n c h e s , w i t h t h e e x c e p t i o n o f s p r u c e w h e r e 1 i n 1 6 i s s p e c i f i e d . When t h e s p r u o e l u m b e r B p e o i f l o a t i o n w a s o r i g i n a t e d , i t w a s a n t i c i p a t e d t h a t t h e 
p r o p o r t i o n of t h e m a t e r i a l h a v i n g a s l o p e n o g r e a t e r t h a n 1 to 2 0 w o u l d b o s u f f i o i e n t t o p r o v i d e euoh a s l o p e i n h i g h l y s t r e s s e d m e m b e r s a n d t h a t 
m a t e r i a l h a v i n g a s l o p e b e t w e e n 1 t o 2 0 and 1 t o 1 5 w o u l d be u s e d i n o t h e r p a r t s , S p r u o e h a v i n g a s l o p e o f 1 t o 2 0 o r l e s s s h o u l d , t h e r e f o r e , b e u s e d 
w h e r e v e r p o s s i b l e , h o w e v e r i f i t b e c o m e s n e c e s s a r y t o u t i l i s e s p r u c e h a v i n g a g r a i n s l o p e b e t w e e n 1 to 2 0 and 1 t o 1 5 i n h i g h l y s t r e s s e d m e m b e r s , 
o n l y m a t e r i a l h a v i n g a. s p e c i f i c g r a v i t y (when o v e n d r y ) o f 0 . 4 0 o r g r e a t e r should-be u s e d * 

2 . PRYING METHODS. W o o d s u s e d i n a i r o r a f t c o n s t r u c t i o n may b e s e a s o n e d by a i r - d r y i n g , k i l n - d r y i n g o r a c o m b i n a t i o n o f b o t h . Some a r t i f i c i a l d r y i n g i s 
u s u a l l y n e o e s s a r y t o r e d u c e t h e m o i s t u r e c o n t e n t to the 8ft t o 12JS r a n g e of v a l u e s s p e c i f i e d i n t h e t a b l e . K i l n - d r y i n g h a s t h e a d v a n t a g e t h a t a t m o a -
p h e r i o c o n d i t i o n s a r e c o n t r o l l e d , p e r m i t t i n g tiie d r y i n g o f w o o d w i t h o u t d e v e l o p m e n t o f o h e o k s a n d ' o t h e r defeotB. Suoh d e f e c t s a r e muoh more p r e v a l e n t 
i n a i r d r i e d l u m b e r . K i l n - d r y i n g s o h e d u l e s may be o b t a i n e d from U . S . A m y S p e o i f i o a t l o n N o . 8 2 - 1 3 , " K i l n D r y i n g P r o c e s s f o r A i r o r a f t L u m b e r ' ' ) H a v y 
D e p a r t m e n t G e n e r a l " S p e o i f i c a t i o n f o r I n s p e c t i o n o f M a t e r i a l , A p p e n d i x I V , "Lumber and T i m b e r " j o r D e p a r t m e n t o f A g r i o u l t u r e F o r e s t P r o d u c t s L a b o r a t o r y 
fieport H o . 1 3 6 0 , " A i r o r a f t K i l n S o h e d u l e " . W e s t e r n H e m l o c k s h o u l d b e k i l n d r i e d l a a o o o r d a n o e w i t h T a b l e 1 of t h o s e r e f e r e n c e s . 

3 . SAWINO METHODS. I n ; a l l s p e c i e s , q u a r t e r s a w e d l u m b e r i s d e f i n i t e l y p r e f e r a b l e to f l a t g r a i n s t o c k f o r a i r o r a ' f t u s e . Q u a r t e r s a w e d a t o ok ( a l s o 
r e f e r r e d t o a s e d g e - g r a i n , r i f t - g r a i n end r i f t - s a w n ) i s d e f i n e d a s s t o c k i n w h i c h t h e r i n g s a r e a t en a n g l e o f 46° to 9 0 ° t o t h e s u r f a o e , and f l a t -
g r a i n s t o o k ( a l s o r e f e r r e d t o a s p l a i n - s a w e d o r s l a s h - g r a i n ) i s s t o c k i n rtiich t h e r i n g s a r e a t an a n g l e of 0 ° t o 46° t o t h e s u r f a o e . Q u a r t e r - s a w e d 
s t o o k h a s l e s s t e n d e n c y to o h e o k and i s l e s s s u b j e c t to b o w i n g f l a t w i s e and to o u p p i n g , s i n o e it t e n d s t o s h r i n k o r s w e l l e q u a l l y w i t h o h a n g e a i n 
m o i s t u r e o o n t e n t . R e s i s t a n c e to i n d e n t a t i o n f r o m t i g h t e n i n g f i t t i n g s , e t c , i s m o r e u n i f o r m o v e r an e d g e - g r a i n s u r f a o e . E x p e r i e n c e w i t h D o u g l a s F i r 
i n a i r c r a f t c o n s t r u c t i o n i n d i c a t e s t h a t it s h o u l d b e q u a r t e r sawed i n a l l c a s e s . 

4 . DEFECTS PERMITTED. 

( a ) CRO SB Q R A I H . " ' S p i r a l g r a i n , d i a g o n a l g r a i n o r a c o m b i n a t i o n o f t h e two i s a c c e p t a b l e p r o v i d i n g t h e g r a i n d o e s n o t d i v e r g e f r o m t h e l o n g i t u d i n a l 
a i l s o f t h e m a t e r i a l m o r e t h a n s p e c i f i e d i n c o l u m n 7 . A o h e o k o f a l l f o u r f a c e s of t h e b o a r d i s n e o e s s a r y to d e t e r m i n e t h e amount o f d i v e r g e n o e . T h e 
d i r e o t i o n o f f r e e f l o w i n g i n k w i l l f r e q u e n t l y a s s i s t i n d e t e r m i n i n g g r a i n d i r e o t i o n . 
( b ) WAVY, CTKLY, AMD INTERLOCKED GRAIN . A c c e p t a b l e i f l o o a l i r r e g u l a r i t i e s d o n o t e x c e e d l i m i t a t i o n s s p e c i f i e d f o r s p i r a l a n d d i a g o n a l g r a i n . 
(0) HARD KNOTS. S o u n d h a r d k n o t s up to 3 / 8 1 1 1 0 1 1 ^ maximum d i a m e t e r a c c e p t a b l e p r o v i d i n g ! ( a ) t h e y a r e n o t in p r o m o t i n g p o r t i o n s o f I - b e a m s , a l o n g 
t h e e d g e s o f r e c t a n g u l a r o r b e v e l e d u n r o u t e d b e a m s o r a l o n g t h e e d g e s of f l a n g e s of b o x b e a m s ( e x o e p t i n l o w l y s t r e s s e d p o r t i o n s ) ; ( b ) t h e y do n o t 
c a u s e g r a i n d i v e r g e n o e a t t h e e d g e s of t h e b o a r d o r i n t h e f l a n g e s of a beam more t h a n s p e c i f i e d i n oolumrt 7 j e n d ( o ) t h e y a r e i n t h e c e n t e r t h i r d o f 
t h e beam and a r e n o t c l o s e r t h a n 2 0 " t o a n o t h e r k n o t o r o t h e r d e f e c t ( p e r t a i n s to 3 / 8 " k n o t s - s m a l l e r k n o t s may b e p r o p o r t i o n a t e l y a l o s e r ) . K n o t s 
g r e a t e r t h a n l / 4 i n c h s h o u l d be u s e d w i t h c a u t i o n . 
( d ) PIN KNOT CLUSTERS. S m a l l c l u s t e r s a c c e p t a b l e p r o v i d i n g t h e y p r o d u o e o n l y a s m a l l e f f e o t on g r a i n d i r e o t i o n . 
(e) PITCH POCKETS. A c c e p t a b l e I n o e n t e r p o r t i o n of. a beam p r o v i d i n g t h e y a r e a t l e a s t 14 i n c h e s a p a r t when t h e y l i e i n t h e same g r o w t h r i n g a n d do 
n o t e x c e e d 1 1 / 2 l n o h e s l e n g t h by 1 / 8 w i d t h by 1 / 8 i n c h d e p t h a n d p r o v i d i n g t h e y a r e n o t a l o n g t h e p r o j e c t i n g p o r t i o n s of I - b e a m s , a l o n g t h e e d g e s o f 
r e c t a n g u l a r o r b e v e l e d u n r o u t e d b e a m s o r a l o n g t h e e d g e s of t h e f l a n g e s of b o x b e a m s . 
( f ) MINERAL STREAKS. A c c e p t a b l e p r o v i d i n g c a r e f u l i n s p e c t i o n f a i l s to r e v e a l a n y d e o a y , 

• l a ) CROSS G R A I N . N o t a c c e p t a b l e u n l e s s w i t h i n l i m i t a t i o n s n o t e d i n 4 ( a ) . 
( b ) WAVY, CgRJY, AND INTERLOCKED G R A I N . N o t a c c e p t a b l e u n l e s s w i t h i n l i m i t a t i o n s n o t e d i n 4 ( b ) . 
( b ) HARD KNOTS. N o t a c c e p t a b l e u n l e s s w i t h i n l i m i t a t i o n s n o t e d i n 4 ( c ) , 
(d) PIN KHOT~o"CiiSTERa. N o t a c c e p t a b l e i f t h e y p r o d u o e l a r g e e f f e o t o n g r a i n d i r e o t i o n . 
( e ) SPIKE K N O W . T h e s e a r e k n o t s r u n n i n g c o m p l e t e l y t h r o u g h t h e d e p t h o f a beam p e r p e n d i o u l a r to t h e a n n u a l r i n g s and a p p e a r m o s t f r e q u e n t l y in q u a r ­
t e r - s a w e d lueFSF. M o o d c o n t a i n i n g t h i s d e f e c t s h o u l d b e r e j e o t e d . 
( f ) PITCH PQC?iSTB. N o t a o o e p t a u l e u n l e s s w i t h i n l i m i t a t i o n s n o t e d in 4 ( e ) . 
( g ) MINERAL STREAKS. N o t a o o e p t a b l e i f a c c o m p a n i e d by d e o a y ( s e e 4 ( f ) ) . 
( h ) 'effSCKSj SHAKES, "AND S P L I T S . C h e c k s a r e l o n g i t u d i n a l o r a c k s e x t e n d i n g , i n g e n e r a l , a c r o s s t h e a n n u a l r i n g s . S h a k e s a r e l o n g i t u d i n a l c r a c k s u s u a l l y 
b e t w e e n t w o a n n u a l r i n g s . S p T T t s a r e l o n g i t u d i n a l o r a o k s i n d u o e d by a r t i f i c i a l l y i n d u o e d s t r e s s . W o o d c o n t a i n i n g t h e s e d e f e a t s s h o u l d b e r e j e o t e d . 
( 1 ) COHPBJBSBIOH WOOD. T h i s d e f e c t i s v e r y d e t r i m e n t a l t o s t r e n g t h and i s d i f f i c u l t t o r e a d i l y r e c o g n i s e . I t i s o h a r a o t e r i w d b y h i g h s p e c i f i c g r a v i t y , 
h a s t h e a p p e a r a n c e "of" an e x c e s s i v e g r o w t h of summer w o o d , and i n «*>»t s p e o i e s shows b u t l i t t l e c o n t r a s t i n o o l o r b e t w e e n s p r i n g w o o d and suapjer " w o o d . 
I n d o u b t f u l e a s e s t h e m a t e r i a l s h o u l d be r e j e o t e d o r s a m p l e s s h o u l d b e s u b j e o t e d to a t o u g h n e s s m a o h i n e t e s t to e s t a b l i s h t h e q u a l i t y o f t h e w o o d . A l l 
m a t e r i a l c o n t a i n i n g o o n p r e s s i o n w o o d s h o u l d b e r e j e o t e d . 
(j) COMPRESSION FAJLCRB3. T h i s d e f e c t i s oaUBed f r o m t h e w o o d b e i n g o v e r s t r e s s e d i n c o m p r e s s i o n due t o n a t u r a l f o r o e s d u r i n g t h e g r o w t h o f t h e t r e » , 
f e l l i n g t r e e s o n r o u g R o " i r r e g u l a r g r o u n d o r r o u g h h a n d l i n g o f l o g s o r l u m b e r . C o m p r e s s i o n f a i l u r e s a r e o h a r a o t e r i t e d by a b u c k l i n g o f t h e f i b e r * 
t h a t a p p e a r s a s s t r o a k s o n t h e s u r f a c e o f t h e p i e c e s u b s t a n t i a l l y a t r i g h t a n g l e s t o t h e g r a i n , a n d v a r y f r o m p r o n o u n c e d f a i l u r e * t o v e r y f i n e h a i r 
l i n e s t h a t r e q u i r e o l o s e i n s p e c t i o n t o d e t e o t . W o o d c o n t a i n i n g o b v i o u s f a i l u r e s s h o u l d b e r e j e o t e d . I n d o u b t f u l o a * e « t h e w o o d s h o u l d b e r e j e c t e d 
o r f u r t h e r inBpsotions i n t h e f o r m o f n i o r o u o o p i b e x a m i n a t i o n o r t o u g h n e s s t e s t s m a d e , t h e l a t t e r means b e i n g t h e m o r e r e l i a b l e . 
( k ) DECAY. A l l s t a i n s e a d d i s c o l o r a t i o n * s h o u l d b e e x a m i n e d c a r e f u l l y t o d e t e r m i n e w h e t h e r o r n o t t h e y a r e h a r m l e s s s t a i n * o r p r e l i m i n a r y o r a d v e n e * * 
d e o a y . A l l p i e o a s ' should b e f r e e f r « » r o t , d o t . , r e d h e a r t , p u r p l e h e a r t a n d a l l o t h e r f o r m * o f d e o a y . . _ _ _ _ _ _ _ _ — ~ — 
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.4011 TORCH WELDING 

1 . Acceptable practices and further references are discussed in Ap­
pendix 17 herein, 

.4012 ELECTRIC WELDING 

1 . When arc welding i s used the information needed for approval may 
be met by speci f icat ions or reports covering the following! 

a . The type of equipment to be used and the proposed scope of 
applicat ion of the proonss. 

b . The proposed minimum requirements establ ished f o r welders* 
covering qualifying t e s t s , experience, e t c . Reference to 
Air Corps Specif icat ion 20013-A "Welding Procedure for 
Cert i f i cat ion of Welders'*, i f th is spec i f icat ion i s used, i s 
su f f i c i en t in this connection. 

o . General procedure covering p o l a r i t y , arc length, allowable 
voltage var ia t ion , electrode type and mater ia l , and ident­
i f i c a t i o n of each welder's work. 

d. Detai l procedure for each combination of metals covering 
s i z e and material of e lec trode , amperage and voltage for 
various gages of materia l , 

e . The method of control including t e s t and inspection procedure, 
e t c . In th i s connection, sketches of the proposed standard 
t e s t samples, a sample t ea t report sheet , and a statement 
concerning the frequency of sample t e s t s , should be submitted. 
Use of the Speci f icat ion noted in b above i s considered suf­
f i c i e n t In th i s connection. 

f . Drawings of parts t o be welded. 

2 . When spot and/or seam welding are employed the information required 
for approval i s s imilar t o that required for the approval of arc welding, 
except that greater importance i s attached t o the equipment control means 
and the d e t a i l design of the pertinent j o i n t than to the requirements for 
welders. 

5 . When the experience of a manufacturer and the r e l i a b i l i t y of the prod­
uct has been demonstrated by him to be sa t i s fac tory , a blanket approval 
may be granted for h i s use of the process, i . e . * he need not obtain ap­
proval of each subsequent speci f ic appl icat ion. 

. 4 - 2 
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4014 PROTECTION 

1 . Paints , Tarnish, plating and other coatings should he adequate for 
the most severe service expected. Information on the subject of protec­
t ion i s avai lable from paint and varnish manufacturers as w e l l as from 
metal and a l l o y producers. Reference may a l so be made to Appendix 17 
herein. Expensive changes dictated by service experience -will be avoided 
i f the question of protection i s considered in the i n i t i a l design s tages . 
In addition to surface protection I t I s e s sent ia l that moisture-trapping 
pockets and closed non-ventilated compartments be avoided. This i s par­
t i c u l a r l y true with l ight a l l oy and plywood structures . Drain holes 
should be provided a t low points . 

2 . Two methods of specifying protective coatings are in general use . In 
one the various operations or oode symbols therefor are l i s t ed on the 
pertinent deta i l or assembly while in the other method a speci f icat ion 
l i s t i n g the operation and the numbers or c lasses of the parts to be 
so treated i s prepared. The l a t t e r i s more f l e x i b l e when various 
agencies are being deal t wi th . Data submitted to -the Administrator need 
oover only the minimum protection t o be employed. 

.4015 INSPECTION 
1 . Points most frequently in need of inspection are main f i t t i n g s , control 
l inkages , cables at pulleys and at f a i r leads and a l l moving parfs and 
locations where wear i s l i k e l y to occur or where lubrication i s required. 
This inoludes a l l points where b o l t s or pins are ins ta l l ed as bearing 
surfaces which are subject to any movement and wear. Sat i s factory inspection 
and servicing of these and other points can only be carried out i f the s ize 
and locat ion of inspection openings are such as to give adequate a c c e s s i b i l i t y . 
Particular attent ion should be given to providing openings making i t poss ible 
t o inspect for rust or corrosion where dust, sand or moisture i s l i k e l y to 
accumulate. Careful attent ion should be given to the t a i l section of the 
fuselage in t h i s regard. 

•402 JOINTS, FITTINGS AND CONNECTING PARTS 

1 . These parts continue to be the most c r i t i c a l structural elements. 
No specif ic rules can be la id down but some of the more important con­
siderations fo l low. The type of f i t t i n g i s mainly dependent on the 
magnitude of the loads involved and the nature of the parts being con­
nected. The material should be chosen af ter consideration of such 
factors as corrosion, f a t i gue , bulJc, weight and production ease. I t 
should be possible to inspect , service and replace each v i t a l f i t t i n g . 
Points sometimes over-looked in the de ta i l design of f i t t i n g s include! 

a . Stress concentration, e ither from sect ion changes or from 
welding or heat treating e f f e c t s . 

b . Adequate allowance for f l e x i b i l i t y of parts being joinad. 
c . Specifying proper surface condit ion, i . e . , a rough turning 

job on a highly stressed part Invites cracking and f a i l u r e . 

2 . In the design of f i t t i n g s a t the end of wood spars there i s a 
tendency to crowd b o l t s too c lose to the spar end in order to secure a 
more compact f i t t i n g . This sometimes resul ts i n a shear fa i lure of the 
wood along the grain , even though the design load in the tension direc­
t ion i s samll . To reduce the p o s s i b i l i t y of such fa i lures b o l t spacings 
and end margins should be in accordance with Fig.. 2 -4 of ANC-6. 
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3 . In using extruded sections i t should he borne in mind that the nature 
of the extruding operation produces i n e f f e c t a longitudinal grain struc­
ture . F i t t ings therefore should be designed to avoid c r i t i c a l "oross-grain'* 
loading. 

4. F i t t ing drawings should include tolerances f o r dimensions of o r i t i o a l 
s ec t ions , such as lugs , in order t o maintain the required strength proper­
t i e s . 

5 . Some examples and discussion of good and bad f i t t i n g practice are given 
in Appendix IV herein. 

F i g . 31 SUGGESTED CASXIBG PRACTICE 
Eef . CAH 04 .4023 

ALLOT MEDEM 
FILLET . . 
H A D I C S L 3 J 

MINIMUM. . 

(Webs.ete , ) 

KAZIMDM 
RATIO OP 
ADJACEJTT , . 
SECTIOHS^ 

ALUMINUM -
Alcoa. 1 2 , 4 3 , 

e t c . , and 
equivalent 

Used where strength la not primary oonflldera*-
t i o n . Alcoa 12 (SAE No.53) should not be used 
(there subject to shook or Impaot* due to i t s 
low elongation (2%). Alooa 43 (SAG No , 35 ) and 
356 a l loys which have high s i l i con content are 
used where leak~proof or complicated cast ings 
are required. 

(HighrfStrengthJ 
Aleoa 195 ,220 

e t o . , and 
equivalent 

Vie" 
( 1 / 8 " i f s tructural ly 

uiiixaportant) 

3 . 1 
Ho at aluminum a l loy s tructural cast ings are made 
of t h e 196 or equivalent mater ia l . The 220 al loy 
i s superior far shook and lxapaot loading but 
castings should be simple due t o the d i f f i c u l t y 
in oeouriag sa t i s fac tory complex cas t ings . 

HR*SS, 
BRONZE 

X/8" l/s" 
Red brass ouch as SAE ffo, 40 or Federal Spec i f i ­
cation. Q,Q-E-691. grade 2 » i o used In fuel and o i l 
l ine f i t t i n g s * Phosphor Bronte (SAE Bo.64 and . 
fto#65 or Federal Specif icat ion C.d-B-691 grade 6) 
i s used for a n t l - f r i c t l o n i n s t a l l a t i o n s such as 
bushings, nuts , gears ani worm wheels. Manganese 
and aluminum broncos (SAE Ho,45 and Ho»66 or 
Federal Specif ic a t i ore QO-B-72 6 and Qa^~691) are 
used where -ma-Hmift strength and hardness are 
des ired . 

MAGNESIUM 
(50j£ greater than 
alundnum preferred J 

5/32" Sot reoomaended for use a t elevated temperaturee 
( l imi t approximately 400°F) or in eaposed loca-> 
t ions on seaplanes* Particular care should be 
observed in protecting against corrosion and 
e l ec t ro ly t i c ac t ion , 

STBS. 1 / 4 " 

[1/2* preferred) 

5 ,2 Used primarily ibr heavi ly loaded parts such as 
In landing gear of large a i r c r a f t . A l loys used 
include ohrcw«wlybderium l n ickel and manganese. 
When using high ult imate tensi le-atrengtha the 
e f f e c t of the corresponding low elongation 
should be considered. 

(1) For allowable s tresses see ABC-5 "Strength o f A irora f t Elements". 
(2) For additional factor of safety see CAB 0 4 , Table 0 4 - 7 . When 

using th i e f eetor the 50ji s tress reduetion noted in AKC^5 may be disregarded.' 
(3) larger values should be used where p o s s i b l e . 
(4J Highly dependent on other fac tors . 

FIG. 31 SUGGESTED CASTING PRACTICE 
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4020 BOLTS» PINS AND SCREWS 

1 . Approved locking devices include cotter pins, safety wire, peening, 
and, with certain res tr ic t ions , Elast ic Stop nuts and Dardelet Threaded 
parts. -

2 . Restrictions on the use of Elastic Stop Nuts are as followsi 
a. Two types of nuts, i . e . ( l ) f iber insert and (2) metallic 

insert (Bytemp),' are approved subject to the following 
general restr ict ions: 
(1) They should be made to conform to Army or Navy material 

specif icat ions. 
(2) They should not be used at joints which subject the 

bolt or nut to rotation 
(3) Bolts must be of such length that completely formed 

thread extends through the nut. 
(4) They should be called out on the pertinent drawings 

submitted to the Administrator. 
(5) Nuts of the f iber insert type should not be used 

where subject to temperatures in excess of 250°F. 
(6) Nuts of the metall ic type (Hytemp) should hot be 

used for primary structural connections in the 
following specific applications! 
(a) They should not be used to attach wing panels, 

f ins and s tab i l i zers . 
(b) They should not be used in the control system, 

including surfaces, hinges and bracket attach­
ments thereof. 

(c) They should not be used to attach exhaust mani­
folds and similar items where the temperature 
may exceed 600°F. 

3 . Restrictions on the use of Dardelet Threaded parts follow: 

a. The parts must be manufactured by a licensee of Dardelet 
Threadlock Corporation under the terms of i t s license 
agreement. (Note this covers manufacturing considerations 
peculiar to this design.) 

b . They should be made to conform to Army or Navy material 
specif icat ions. 

c . They should not be used at joints which subject the bolt 
or nut to rotation. 

d. Bolts must be of such length that completely formed thread 
extends through the nut. 

e . They should be called out on the pertinent drawings sub­
mitted to the Administration. 
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.4023 CASTINGS 

1 . Castings should be obtained from a re l iable source with experience 
on similar type castings. Such castings should incorporate generous 
f i l l e t r a d i i , ample draft , and gradual changes of sect ion. Sound castings 
can only be secured by proper consideration of and allowance for the flow 
of molten metal in the mold. Casting drawings should be "load marked" , 
i . e . i the direction and approximate magnitude of the design loads should 
be shown. It is then possible for the foundry to cast the densest and 
soundest metal at the cr i t i ca l sections. Finished surfaces should end 
in radi i at inside corners to prevent stress concentration. Some of the 
more important design and drafting considerations are given in F ig .31 . 
I t should be emphasized- that these are not given as requirements but 
merely as values and points"found acceptable in general practice. Refer­
ence should be made to trade l i terature of the various, metal and al loy 
producers for additional information. 

2 . As "with other aircraft parts , the acceptance of castings for 
primary structure is predicated upon thorough and adequate inspection. 
I t is customary to tes t and section or to X-ray the f i r s t castings of 
a new part in order to be certain of good design and sat isfactory 
foundry technique. Production runs may be inspected visual ly in con­
junction with occasional tests for ver i f icat ion . Hardness test ing of 
the casting and physicaltests of tes t coupons cast -with the part are 
a lso used. Steel castings with smooth surfaces may be inspected by 
magnafluxing. X-raying provides an excellent means of thoroughly in­
specting bastings i f the results are properly interpreted, i . e . , by 
an expert. 

.403 -TIE RODS AHD WIRES 

1 . When uns-maged threaded-end t i e rods are used, particular attention 
must be paid to. the end connections to insure proper alignment. The 
wires should be so carried through sleeves or f i t t ings that any bending 
i s . l imi ted to the unthreaded portion of the rod. Where this is not 
done, even small bending stresses may soon cause fatigue fai lure at the 
thread roots . High margins should be incorporated since pract ical ly a l l 
working from tension loadSjWith attendant stress concentration, w i l l occur 
in the threaded portion. Swaged t i e rods are considered much more sa t i s ­
factory and may be no more costly in quantit ies . A satisfactory locking 
means should be used. Check nuts have been found acceptable for this pur­
pose, when employed on terminals not subjected to appreciable vibration. 

-4-6 
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.404 FLUTTER PRETENTION MEASURES 

A GENERAL 

1 . Flutter i s a violent self-induced vibration of a body r e ­
sulting from a coupling of aerodynamic, e last ic and inert ia 
forces acting upon the body. For detailed information on 
f lu t ter theory and i t s application, reference should be made 
to one or more of the following: 

Theodoresen and Garrick - "Mechanism of Flutter" NACA TR 685 
Kassner-Fingado - "The Two Dimensional Problem of Wing Vibration" 

Translation - Journal Royal Aero Society, 
October 1937 

Kiissner - "Status of Wing Flutter" 
Translation - NACA TM 782, January 1936 

Lombard - "Conditions For The Occurrence of Flutter" 
California Institute of Technology Thesis (1939) 

Reference to other work -will be found in the bibliographies con­
tained in the above. The study of f lut ter i s passing through a 
period of rapid development and i t appears that a better and 
more accurate understanding of the inter-relation of r ig id i ty , 
mass properties and frequencies and their ef fect upon f lut ter 
T d . l l soon emerge. 

2* Flutter theory i s in general based upon true ve loc i ty and 
sea l eve l atmospheric conditions. For this as wel l as other 
reasons an ample margin, particular^ on high performance a i r ­
cra f t , should be maintained between the computed f lu t ter speed 
and the actual dive speed attained in test ing. The trend of 
cr i t i ca l f lu t t er speed "with alt itude may be expressed thus: 

SPEED OF SOUND 

3 0 , 0 0 0 
O 

ALTITUDE 

but values for specific cases -will be dependent upon wing 
weight and other factors . 

.4 -7 

http://Td.ll


CIVI1, AERONAUTICS MANUAL 

3 . For "wings t the use of the fundamental theory of Theodorsen 
has been simplified for certain cases by the work of Bergen 
and Arnold (given at the Institute of the Aeronautical Sciences 
meeting at Los Angeles in June 1940) who treat the special case 
of wing bending-aileron by a graphical method, and Wylie (un­
published) , In addition, for c iv i l a ircraf t , conventional s ize 
and performance, the use of a suitable wing torsional r ig id i ty 
criterion, together with proper observance of other measures, 
provides adequate insurance against f l u t t e r . . . 

4 . For control surfaces, recent unpublished Air Corps studies 
(Bent and Srailg) indicate that a relationship: 

where = Flutter Speed 

F a Freq. Fixed Surface 

A = Area Mov. Surface 

NO FLUTTER K / I = Balance Coefficient 
of Movable Surface 

holds considerable promise, and they have tentat ively estab­
lished a number of check points on the curve. The basic 
similarity of the above curve to the usual KUssner formula of: 

Vp - F 0 , 

where F * Crit ical Frequency 
C = Wing Chord 
K = Reduced Frequency Coefficient (Dependent on 

particular characteristics of the airplane) 

i s apparent, since both show an increase in f lut ter speed with 
an increase in frequency or size_pf the airplane, other factors 
remaining constant (both C and being dimensionally length 
units')-
5 . By replotting the Air Corps data on the scales used in Fig. 
32A, the following i s obtained: 

VALUES OF FfA 

V 3 
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I f the resul ts of further study and experience warrant, su i tab l e 
modifications to the K / l - Vg re la t i on shown on Figures 32A and 
32B w i l l be made.' 

6 . In general , the various l imi t ing values g i v e n hereafter t o 
r i g i d i t y , mass balance and frequency r a t i o , and the pract ices 
on d e t a i l design should be c l o s e l y observed. As indicated 
above, however, rapid progress i s being made toward a b e t t e r 
tinder standing of the problem, and for new a i r c r a f t , there fore , 
i t i s recommended that an out l ine of the proposed f l u t t e r -pre­
vention E r a s u r e s be submitted to the Administration for examination 
and comment a s - ear ly i n the development a s p o s s i b l e . The 
Flutter Control Data Form No. ACA-719 (Table Vb) used in the f i n a l 
v ibrat ion tes t ing was evolved for the dual purpose of s i m p l i f y ­
ing submittal of data and of f a c i l i t a t i n g study by. the National 
Advisory Committee for Aeronautics and other i n t e r e s t e d govern­
ment agencies through a more rapid c o l l e c t i o n of information. 

RIGIDITY 

1 . This fac tor i s of f i r s t importance, since coupling (and con­
sequently f l u t t e r ) can only occur through de f l ec t ion . However, 
increases in a i r c r a f t s i z e , a trend toward thinner a i r f o i l s , 
prevalence of d i scont inu i t i e s and cutouts , and weight l imi ta t ions 
make necessary the establishment of ndjiimum acceptable r ig id i t i e s . . 
R ig id i ty may be represented i n terms of frequencies , and often 
i s i n f l u t t e r theory . 

2 - Wings. The tors iona l r i g i d i t y of wings I s h ighly important. 
This should be invest igated by means of a wing tors ion t e s t 
(CAM 04.51E) unless other adequate data are submitted. Figure 
32 , a development of an e a r l i e r curve of the same 
number, hit based upon considerably more information including 
certa in Navy data, Indicates values of 0_ji which have been 
found sa t i s fac tory for conventional designs. I f the t e s t i s 
conducted on a fabric covered wing with taut f a b r i c , an a l l o w ­
ance of approximately 10$ (dependent somewhat on the s i ze of the 
wing) should'be made for the e f f e c t of fabric aging. Since the 
actual tors ional de f l ec t ion of the wing w i l l depend upon the 
moment coe f f i c i en t of the a i r f o i l employed, i t i s advisable t o 
introduce the addit ional c r i t e r i o n that the maximum tors iona l 
de f l ec t ion under the l i m i t load c r i t i c a l for t o r s i o n not exceed 
3 ° . 
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MASS BALANCING 

1 . Fair methods of computing s t a t i c and dynamic balance values 
see C M 0 4 . 4 2 4 . (The weight and s t a t i c hinge moment, or e . g . 
l oca t ion , of f in i shed movable surfaces should be checked to 
insure that the computed values are not unconservative,) See 
paragraph F DETAIL DESIGN below, for notes on the i n s t a l l a t i o n 
of balance weights . Note that the spec i f i ed dynamic balance 
c o e f f i c i e n t values may in some cases be influenced by the f r e ­
quency r a t i o ( see F ig . 3 2 0 ) . 

2 , Compliance with the fol lowing dynamic balance coe f f i c i en t s 
and s t a t i c balance conditions should be shown unless other 
equally e f f e c t i v e steps t o prevent control surface f l u t t e r are 
shown to have been taken: 

a. A i l erons . ^When Vg i s in excess of 150 mph the dynamic 
balance coe f f i c i ent as computed about the a i l eron hinge 
axis and the longi tudinal ax i s of the a irplane should 
not be greater than the following v a l u e 

K/I = 1 , 6 (3 - Vg/100) (See Fig . 32A) 

except that i t need not be l e s s than z e r o . Ai lerons on 
i n t e r n a l l y braced wings, or on a irplanes with Vg i n 
excess of 200 mph should be completely s t a t i c a l l y 
balanced about the ir hinge l i n e when i n the neutra l 
p o s i t i o n . Special consideration w i l l be given to l e s s e r 
s t a t i c and dynamic balance when the a i l e r o n control 
system i s subs tant ia l ly i r r e v e r s i b l e . 

D » Rudders. When Vg i s i n excess of 150 mph, the dynamic 
balance coe f f i c i en t of the r u d d e r ( s ) , as computed about 
the rudder hinge ax i s and the ax i s of tors iona l v i b r a ­
t i o n of the fuse lage , should not be greater than the 
value given i n paragraph a. above, except that i t need 
not be l e s s than aero . When rudders are riot i n the 
plane of symmetry they should be completely s t a t i c a l l y 
balanced (zero unbalance). 

* c . Elevators . When Vg i s in excess of 150 mph, the dynamic 
balance coe f f i c i ent of each separate e levator ( for each 
half of a continuous e l e v a t o r ) , as computed about the 
e levator hinge axis, and the centerl ine of the i n t e r s e c ­
t ion of the s t a b i l i z e r and the plane of symmetry, should 
not be greater than the following value 

K / I » 3 . 0 - Vg/250 (See F i g . 32B) 

When the rudder ( s ) has (have) complete dynamic balance 
about a conservat ively chosen a x i s , a spec ia l rul ing may 

. 4 - 1 1 
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be obtained from the Administration regarding the e levator 
dynamic balance i f t h e coef f i c ient i s greater than 
above spec i f i ed . This rul ing w i l l be dependent on the 
general design of the ent ire t a i l u n i t , 

d« Tabs. Trim and balancing tabs should be s tat ica l ly-
balanced about t h e i r hinge axes unless an i r r e v e r s i b l e 
non- f l ex ib le tab control system i s used . The balancing 
of control tabs w i l l depend an the par t i cu lar i n s t a l l a ­
t i o n involved and special ru l ings should be obtained 
from the Administration i n such cases , 

FREQUENCY RATIO 

1 , In accordance with general p r a c t i c e , in t h i s d iscuss ion 
frequency rat io i s defined as the frequency o f the movable s u r ­
face divided by the frequency of the f ixed surface (or other 
element' t o which the movable surface i s a t tached) , and f o r a 
s ing le a i r f o i l as the frequency i n bending divided by the 
frequency i n t o r s i o n , thus • 

F movable surface , and 
F f ixed surface 

F bending 
F t o r s i o n 

Tests conducted by the Air Corps with f l u t t e r models have 
indicated t h a t , when the frequency rat io involving a movable 
surface i s greater than 1 , 0 the p o s s i b i l i t y of f l u t t e r i n th i s 
mode i s much reduced as compared with frequency r a t i o s l e s s 
than 1 , 0 , A study of previous vibration t e s t data and the 
serv ice records o f the a i r c r a f t t e s ted , together with A i r 
Corps t e s t data, have indicated the d e s i r a b i l i t y of using the 
frequency rat io a s an addit ional l imitat ion on t h e curves of 
the dynamic balance c o e f f i c i e n t ( K / l ) versus design g l i d i n g 
speed ( V g ) , as shown in Fig , 52A for the a i l e r o n and rudder and 
i n F i g , 32B for the e levator , 

2 , This l i m i t a t i o n i s expressed as a curve i n Fig , 3 2 C The 
shaded port ion marked "Approval dependent upon spec ia l con­
s iderat ions" i s considered an undesirable range and approval 
i s subject t o consideration of the modes involved, actual 
values of frequencies , speed of the a i r c r a f t , value of K / I , 
e t c For th i s reason i t i s advantageous to submit to the Admin­
i s t r a t i o n a s e a r l y a s poss ib le i n the development of a new 
model an outl ine of the proposed f l u t t e r prevention measures. 

3 0 1 2 3 0 0 - ^ * 1 1 0 
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n. Balance Weight and Arm Assembly 
Surface mode (see below) 

Note; The cr i t ica l balance weight and arm frequency 
w i l l usually be bending in a plane normal to the 
hinge l ine of the surface. The surface mode would 
be the one l i k e l y to couple with the above—such as 
movable surface (sym.) . I t i s desirable to have the 
above frequency ratio substantially greater than 1 . 0 . 
However, the balance weight arm bending frequency 
should also be checked in a plane para l l e l to the 
hinge l ine of the surface. This may.be c r i t i c a l for 
the elevator balance weight in a fuselage s ide bend­
ing mode, e t c 

The following special cases should also be considered for large 
a ircraft : 

o . Aileron (Unsym) 
Wing Bending (Unsym) 

p . Aileron (Unsym) 
Wing Torsion (Unsym) 

q. Wing Bending (Dnsym) 
Wing Torsion (Unsym) 

r . # Rudder (Torsion) 
Fin Rocking about Stabi l iser Attachments 

Note; This would apply to outboard vert ica l surfaces 
disposed both above and below the s tabi l izer and i s 
somewhat analogous to an elevator unsymmetrical— 
fuselage torsion case. 

s „ * Stabil izer Torsion 
Fuselage Torsion 

# Only for rudders not in the plane of symmetry. 

In general the natural frequency of a tab having an irreversible 
control mechanism should not be l e s s than 1500 c.p.m. In the 
case of a servo tab with a frequency ratio l e s s than 1 . 2 , com­
plete dynamic balance should be had; i . e . , K/I - 0 . 

DETAIL DESIGN 

1 . Service troubles and accident records reveal that particular 
attention should be paid to items such as the following: 

.4-16 
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a. The t r a i l i n g edges of movable surfaces should be ragged 
t o reduce the p o s s i b i l i t y of addit ional weight being 
added during f i e l d repairs with an adverse e f f e c t on 
the mass balance c h a r a c t e r i s t i c s . 

b . Tab mechanisms should be simple and rugged to avoid 
improper assembly, or the p o s s i b i l i t y of p lay develop­
ing due, for example, t o open end ( i . e . , magneto t y p e ) 
b a l l thrust bearings being inserted backwards. 

C Provide adequate "carry through" structure to insure 
r i g i d i t y , 

2 , A rugged a i l e r o n hinge bracket i s o f l i t t l e merit unless the 
rear spar to which i t attaches i s w e l l restrained against 
"rol l ing". Likewise rugged cabane members with good angular 
re la t ions w i l l f a i l to res tra in the wing c e l l u l e i f anchored 
i n t o eccentric apex j o i n t s . 

3 , The interconnection between elevators should be r i g i d and 
ragged, i n order t o maintain a s a t i s f a c t o r y margin of safe ty 
against an e levator unsymmetrical ( tors ion) mode of v i b r a t i o n . 
Butt welded j o i n t s should pre ferab ly be re inforced wi th gussets . 

4 , The general pr inc ip les of f l u t t e r prevention should be o b ­
served on a l l a irp lanes . This appl ies p a r t i c u l a r l y t o the design 
and i n s t a l l a t i o n o f control surfaces and control systems and 
includes such des irab le features as s tructural s t i f f n e s s , r e ­
duction of p l a y in hinges and control system j o i n t s , r i g i d 
interconnections between a i l erons and between e levators , com­
p l e t e s t a t i c and dynamic balance of control surfaces and high 
damping. For f i x e d surfaces , such a s wings, s t a b i l i z e r s , and 
f i n s , i t i s des irable t o keep the center of grav i ty l oca t ion 
of the surface as f a r forward a s p o s s i b l e . Features tending to 
create aerodynamic disturbances , such a s sharp leading edges on 
movable surfaces , should be avoided. These pr inc ip l e s apply 
a l s o t o wing f laps and p a r t i c u l a r l y t o control surface tabs 
which are r e l a t i v e l y powerful, and correspondingly more danger­
ous i f not properly designed. In the design of control surfaces , 
dynamic balance should be achieved, as f a r as prac t i cab le , by 
d i s tr ibut ing the structural material in such a way (element by 
element, spanwise) that a uniform condition of s t a t i c balance 
w i l l r e s u l t without adding large amounts of l e a d . I f p o s s i b l e , 
the use o f large concentrated weights should be avoided, s ince 
fat igue f a i l u r e s may r e s u l t i n the supporting arms and a t t a c h ­
ments. When concentrated weights are used to achieve the 
required degree of dynamic and s ta t i c balance, i t i s a good 
rule that the number of weights used be at l e a s t equal to the 
number of hinges. The attachment of each weight should be 
s u f f i c i e n t l y strong and r i g i d that i t s frequency i s above that 
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of the surface proper. Where weights are riveted into the leading 
edge of a surface no di f f icul ty should be encountered on th is point, 
but" i f an arm is used to support the mass, a design factor several 
times the Condition I load factor may be necessary for the arm and 
i t s attachment to the surface. 

5 . I t should be realized that various forms of f lutter are possible 
and that there usually exists for1 each type'of f lutter a cr i t i ca l 
speed at which i t w i l l begin. This cr i t ica l speed wi l l be raised 
by sn improvement in the antif lutter characteristics of the particular 
portion of the airplane involved and may even be eliminated entirely 
in some cases. 

Deta i l Design o f Wings, 

1 . The general considerations of good d e t a i l design, ithich have been 
previously covered, are of part icu lar importance i n connection 
with wing structures s ince these structures are involved i n 
carrying some of the heaviest loadings present i n the airplane 
structure. S i t t ings and j o i n t s i n wings often represent some 
o f the most c r i t i c a l design problems and they must be c a r e f u l l y 
proportioned so that they can pick up loads in a gradual and 
progressive manner and redis tr ibute those loads to other portions 
o f the structure in a s imi lar manner. This requires that spec ia l 
at tent ion be paid to minimizing s tress concentrations by avoiding 
too rapid changes in cross s ec t ions , and to providing ample 
material to handle s tress concentrations and shock loadings 
which cannot be avoided. 

Z* The above pr inc ip les are of spec ia l importance i n connection 
with wing carry-through structures which serve to carry l and­
ing loads to the .fuselage. In such cases allowance should 
be made f o r the f a c t that landing loads are o f the impact type . 
This necess i tates the provision of adequate bearing areas for 
a l l attachments which carry such loads into the basic s truc­
ture . Recommendations in t h i s connection are given i n ANC-5, 
Tables 4~Z and 4 - 5 , and i n ANC-5 - 5 . 5 0 1 . 

3 , In addition to. the problem of l o c a l l y introducing these loads 
into the s tructure , provision must be made f o r d i s tr ibut ing 
these loads throughout the structure. Bulkheads for th i s purpose 
in s tressed-skin wings must have ample r i g i d i t y and an allowance 
must be made f o r the f a c t that i t requires some distance before 
these loads are completely dis tr ibuted in to the structure i n 
a manner approaching that indicated by simple beam theory. 
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"4. The above recommendations apply wLth equal weight iti&a a land­
ing gear i s attached d i r e c t l y to a wooden spar. In some respects 
tiiey apply even more since experience has shown that wood i s 
much more subject to s tress concentration e f f ec t s than has been 
appreciated in the pas t . Due allowance should be made for 
s tress concentrations due to holes through the spar, and when 

co such holes pierce both the spar cap s t r i p and f i l l e r block (when 
*j| such are used) the f i l l e r block should extend a s u f f i c i e n t d i s -

. tance away from t h i s part so that i t has an ample opportunity 
Q> to d i s t r i b u t e the l o a d s . I n . a d d i t i o n , f i l l e r b l o c k s 
CD shou ld be g e n e r o u s l y t a p e r e d i n o r d e r to a v o i d r a p i d 
ft changes i n t h e e f f e c t i v e c r o s s - s e c t i o n of the s p a r . 
-S I n g e n e r a l , i t i s good p r a c t i c e to d i s t r i b u t e t h e 
0 l a n d i n g l o a d s i n t o wooden s p a r s by means of a num-
2 her of s n a i l b o l t s t h a n -by a few l a r g e b o l t s . V'Jhen 
•H i t i s d i f f i c u l t t o o b t a i n an adequate a t tachment of 

the gear t o t h e s p a r by means of b o l t s a l o n e ( i . e . , 
when the b o l t a r e a r e q u i r e d would c u t - o u t too much 
of the s p a r ) , i t i s a d v i s a b l e to i n c o r p o r a t e a hardwood 
b l o c k under the s p a r t o a s s i s t i n d i s t r i b u t i n g the 
l a n d i n g gear l o a d . n 

.4110 BEAM JOISTS 

1. See CAtt 04.402. 

. 4 1 5 FABRIC COVERING 

A. COTTON FABRIC, RED3J0RCING TAPE, SURFACE TAPE AND LACING CORD 

1 . CAA grade A f a b r i c . Cotton fabr i c used on a i r c r a f t with 
wing loadings o f 11 l b s . per sq. f t . o r over , or design g l id ing speeds 
o f 240 m.p.h. or over (See Fig. 32D) should conform with or exceed 
the fo l lowing s p e c i f i c a t i o n . (Note: AN-CCC-C-599-1 exceeds t h i s spec . ) 

w h a. The c loth should be made from single p l y o r 2 -p ly , 
<H 43 O> combed cotton yarn and should be o f p l a i n weave. 
& frj H ^ The yarn should be mercerised under tens ion o r the 
a o c loth should be piece mercerised or s i m i l a r l y 
n o s processed to remove the wax coating from the cotton 
M E * |J f ibers for the purpose of increasing the dope 
^^JOW absorptive capacity o f the mater ia l . 
5 5 W « 

8 S «w § b ' The selvage edges should be f l a t woven with no 
& ° w greater tension than the body o f the c lo th , 

> f £ « c . Finishing should cons is t of washing, framing 
° ^ ;£ and calendering. The calendering should be 

o ® su f f i c i en t to l a y any nap present and t o pro­
vide a smooth even surface . 

d. The c lo th should not contain over 2 . 5 percent 
s i z ing , f in i sh ing and other non-fibrous materials 
and should be chemically neutra l . 

Revision to page .4-16 
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e. The number of threads per inch should be between 
80 and 84 i n both warp and f i l l i n g . 

f. The breaking strength should not be l e s s than 80 
l b s . per inch i n both warp and f i l l i n g as determined 
by the s t r i p method o f t e s t ing . This method i s 
outl ined i n Federal Specif icat ion No. CCC-T-191a 
and cons i s t s b r i e f l y o f the fol lowing: 

5 2 H cw (1 ) 5 warp and 5 f i l l i n g specimens a t l e a s t 6 
inches long and 1 . 2 5 inches wide taken 
from at l e a s t one-tenth o f the width o f 
the materia l away from the selvage should 
be prepared for t e s t by raveling t o one 
inch i n width, taking from each s ide 
approximately the same number of threads. 

(2 ) The specimen should be placed in the t e s t ­
ing machine with the jaws S inches apart a t 
the s t a r t o f the t e s t . 

(3 ) The breaking strength i s the average of the 
resu l t s obtained by breaking 5 specimens. 
I f a specimen s l i p s i n the jaws, breaks 
i n the jaws, breaks at the edges of the 
jaws, or breaks prematurely f o r any other 
reason at tr ibutable t o f a u l t y operation, 
the resu l t may be disregarded, another 
specimen taken, aid the r e s u l t o f th is 
break included in the average. 

g. The elongation should not be greater than 13 percent 
i n the warp and 11 percent i n the f i l l i n g under 70 l b s . 
tension load during the s t r i p t e s t . The percentage 
should be based on the average o f the f i v e specimens. 

h. Fabrics meeting the above l i m i t a t i o n s may vary 
considerably i n doping charac ter i s t i c s . Therefore, 
the airplane manufacturer should demonstrate that 
his doping equipment and production procedure and 
technique w i l l r e s u l t in adequate dope penetration 
and adhesion i n the case of the par t i cu lar type o f 
fabric he employs. 

2 . CAA l ightweight fabr i c . Cotton fabr i c used on a i r c r a f t 
with wing loadings up to and including 8 l b s . per sq . f t . , or 
design g l i d i n g speeds up to and including 150 m.p.h. (see Fig. 32D) 
and having r i b spacings i n accordance with Figure 33 should conform 
with or exceed the following spec i f i ca t ion . 

a. Same as l a . 
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04 - AIRPLANE AIRWORTHINESS 

(Edit ion o f February 1 , 1941) 
• REVISION SHEET NO. 3 

b . Sane as l b . 

c . Same as l c . 
* 

d. Same as I d . A de - s i z ing operation may be necessary 
t o reduce the s i z i n g content t o the 2 . 5 percent 
value spec i f i ed . 

e . The number o f threads per inch should not exceed 
110 i n both warp and f i l l i n g . 

f. The breaking strength should not be l e s s than 50 
l b s . per inch i n both warp and f i l l i n g as determined 
by the s t r i p method of t e s t ing . This t e s t method 
i s described i n I f above. 

g. The elongation should not be greater than IS percent 
i n the warp and IX percent in the f i l l i n g under 4 4 l b s . 
tension load during the s t r ip t e s t . The percentage 
should be based on the average of the f i v e specimens* 

h. Same as l h . 

Note: Fabric f o r a i r c r a f t having wing loadings and speeds 
s u b s t a n t i a l l y lower than noted above or fabric that does 
not meet the above spec i f i ca t ion in a l l respects but has 
been proven by extensive s a t i s f a c t o r y serv ice experience 
to be su i tab l e for a i r c r a f t use w i l l be subject to spec ia l 
considerat ion. In no case , however, should the s iz ing 
content exceed 2 . 5 percent* 

5 . A s traight l i n e var iat ion between the physical propert ies 
o f the fabr i c s described i n paragraphs 1 and 2 should be assumed in 
se l ec t ing fabr ic f o r a i r c r a f t which have wing loadings o r design 
g l id ing speeds between those noted i n paragraphs 1 and 2 . For 
example, f abr i c having a breaking strength o f 60 l b s . per inch 
and a thread count o f 90 i s superior to l ightweight fabr ic by 1 1 % 
as regards thread count but only by 33$ as regards strength. Thus 
the fabr ic i s su i tab le f o r a l l a i r c r a f t having wing loadings o f 
8 + . 3 5 ( 1 1 - 8 ) • 9 l b s , per sq. f t . , o r l e s s , or design gl iding 
speeds o f 150 + . 3 5 (240-150) - 180 mph, o r l e s s , as shown by the 
broken l i n e i n Fig. 32D. 

4 . Reinforcing tape used in connection with the fabr i c described 
i n paragraph 1 should conform with o r exceed the fol lowing s p e c i f i ­
cat ion-
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a. The tape should be made from combed cotton yarn, should 
be unbleached and should not contain more than 3 . 5 percent 
s i z ing , f in i sh ing and other non-fibrous mater ia l s . 

t 

b . The breaking strength should not be l e s s than indicated 
In the fol lowing table nil en tested in accordance with 
Federal Speci f icat ion No. CCC~T-191a, using the average 
breaking strength of 5 fu l l -width specimens. 

Width - inches Breaking strength - l b s . 
~l 80 
3 / 8 120 
1 / 2 150 
5 /8 170 
3 / 4 200 

1 £50 

5 . Reinforcing tape used i n connection with the fabr ic described 
i n paragraph 2 should confoim with or exceed the fo l lowing spec i f i ca ­
tion* , 

a. Same as 4a. 

b . The breaking strength should not be l e s s than one-half 
o f the values l i s t e d i n 4b when t e s t ed i n accordance 
with Federal Specif icat ion No. CCC-T-191a, using the 
average breaking strength of 5 fu l l -width specimens. 

6 . A s t ra ight l i n e variat ion between the physical propert ies 
of the reinforcing tapes described i n paragraphs 4 and 5 should be 
assumed i n se lect ing reinforcing tape f o r use in connection with 
fabr ics determined by paragraph 3 . 

7 . Surface tape should have approximately the same properties 
as the fabr ic with rhich i t i s used and should have pinked, scalloped 
o r s t ra igh t edges. 

8 . Lacing cord should be o f high qua l i ty l inen o r cotton cord, 
should have a strength o f a t l e a s t 80 l b s . when t e s t ed double, and 
should be l i g h t l y waxed before using. 

B. OTHER COVERING MATERIALS. 

Fabric, re inforcing tape, surface tape, and lac ing cord made 
from materials other than cotton (or l inen i n the case of lacing 
cord) w i l l be subject to spec ia l considerat ion. In addit ion to 
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showing compliance with the pertinent parts o f the spec i f icat ions 
l i s t e d i n A above, i t w i l l usual ly be necessary that a certain 
amount of s a t i s f a c t o r y service experience on experimental a i r c r a f t 
covered with these materials be accumulated before f i n a l approval 
may be granted, 

C TECHNIQUE OF COVERING. 

1 , Seams, A l l seams should be p l a i n l a p , folded f e l o r 
French f e l seams (see Fig, 32E) machine s t i tched except as 
indicated below. Eight to ten s t i t ches per inch should be used. 
The row of s t i t ches nearest each folded edge of each seam should be 
approximately 1 / 1 6 inch from the edge of the fold and the rows 
should be 1 / 4 to 3 /8 inches apart . 

a. A l l seams should be para l l e l t o the l i n e o f f l i g h t 
except as noted i n b below. Seams should preferably 
not cover a r i b or be placed so that the lacing w i l l 
be through or over the seam. In the case o f tapered 
wings or control surfaces , the seams should be 
disposed so as to cross the fewest number of r ibs 
consistent with e f f i c i e n t cutting of t h e pattern. 

b . The only seam extending spanwise of the wing o r 
control surface , whether hand or machine sewn, should 
be at the t r a i l i n g edge, except that i n the case o f 
tapered wings or control surfaces addit ional seams 
may be made i n the tapered portion at the leading 
edge. 

2 . Covering. Either the envelope method or blanket method 
of covering i s acceptable . 

a. The envelope method of covering i s accomplished by 
sewing together widths of fabric cut to spec i f i c 
dimensions and machine sewn to form an envelope 
which can be drawn over the frame. The t r a i l i n g 
and outer edges o f the covering should be machine 
sewn unless the frame i s not favorably shaped f o r 
such sewing, i n n h i c h case the fabr ic should be 
joined by hand sewing as described below f o r blanket 
covering. 

b . The blanket method of covering i s accomplished by 
sewing together widths of fabric o f su f f i c i en t 
lengths to form a blanket covering f o r a l l surfaces 
of the frame. The t r a i l i n g and outer edges o f the 
covering should be joined by using a p la in overthrow 
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or basebal l s t i t c h , except that on a irplanes 
with design g l id ing speeds o f 180 m.p.h. o r l e s s 
the blanket may be lapped a t l e a s t one inch and 
doped to the t r a i l i n g and outer edges o f wing and 
control surface structures and to fuselage 
structures . In fabr icat ing 
both the envelope and blanket coverings , the fabr i c 
should be cut in s u f f i c i e n t l y great lengths to 
pass completely around the frame, s tart ing from 
and returning to the t r a i l i n g edge. 

c. Hand sewing or tacking should begin a t a point 
where machine sewing stops and should continue to 
a point where machine sewing o r uncut' fabric i s 
reached. Hand sewing should be locked a t intervals 
of s i x inches, and the seams should be proper ly 
f inished with a lock s t i t c h and a knot. Where 
tacks are used, they should be not more than l . £ S 
inches apart . 

d. An adequate number of drain grommets properly 
located to insure complete drainage and v e n t i l a t i o n 
of the wing or control surface should be i n s t a l l e d . 

3 . Attachment of Fabric to Structure. Fabric i s usua l ly 
attached to the s tructure by means o f l a c i n g cord. Other means o f 
attachment such as se l f - tapping screws and wire and s t r i p should 
give comparable support. (In questionable cases , sketches and 
t e s t s o r t e s t proposals should be submitted f o r rul ings by the 
Administrator.) The following fac tors should be considered when 
attaching fabr i c to the structure by means o f lac ing cord* 

a. Care should be taken to insure that a l l sharp 
edges against which the lac ing cord may bear are 
adequately protected by commercial tape, or i t s 
equivalent, i n order to prevent abrasion o f the 
cord. 

b . Reinforcing tape of a t l e a s t the width of the r i b 
cap s t r i p s should be placed under a l l l ac ing . The 
tape under moderate tension should be tacked o r 
otherwise attached at the t r a i l i n g edge o f the r i b s , 
brought completely around the wing or control surface 
and attached again at the t r a i l i n g edge. In the case 
of wide cap s t r i p s , two widths of re inforcing tape 
may be used, in the case of wings or control surfaces 
with plywood or metal sheet from the nose to the front 
spar, the reinforcing tape need only extend from the 
t r a i l i n g edge to the front spar. 
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c. St i tch spacing should not exceed those shown i n 
Figure 35 * i c h has been derived from extensive 
experience. 

d. A s l i p knot f o r t ightening should be used a t the 
f i r s t point o f l a c i n g . The cord, which should be 
l i g h t l y waxed before using, should then be carried 
to the next point and secured by a seine knot o r 
other equally sa t i s fac tory knot and th i s process 
continued u n t i l the lac ing i s complete. The cord 
should be secured at the f i n i s h of the l a c i n g by 
tacking or by a double o r lock knot. 

e . A l l seams, leading edges, t r a i l i n g edges, outer 
edges and r i b s should be covered with suitable 
width surface tape. 

4 . Dope and Other Protect ive Coatings. The number and type of 
such coatings are usua l ly based upon such fac tors as the serv ice 
expected, degree of f in i sh des ired , and cos t . In general , the 
dope manufacturers' recommended doping procedures should be fol lowed. 
Precaution should be taken not to sand heavily over surface tape 
and spars in order not t o damage the s t i tching cords and f a b r i c 
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METAL-COVERED WINGS 

1. The covering should be suff ic iently strong and adequately supported 
to -withstand cr i t i ca l air loads and handling without injury or undesir­
able deformations* Deflections or deformations at low load factors 
which may resul t in fatigue fai lures should be avoided. In general,, 
skin which shows deformations commonly known as "oil-canning" under 
stat ic conditions i s considered unsatisfactory. 

2 . In an attempt to establish an empirical method of predicting panel 
sizes which wi l l be free from unsatisfactory "oil-canning", Fig. 34 
has been included as a proposal. In this case the skin thickness and 
unsupported panel width have been considered the main variables. Other 
important variables include stress ( i f appreciable) carried by skin, 
airspeedj wing loading, and workmanship. Comments and data on this sub-
jeot are so l i c i t ed . 

DETAIL DESIGN OP TAIL AND CONTROL SURFACES 

1 . I t i s very important that control surfaces have sufficient torsional 
r ig id i ty o No specific l imits of permissible maximum deflection of the 
surface alone are offered, since these may vary widely with the type, 
s ise and construction of the surface. However, the behavior of the 
surface during proof tes t s should be closely observed. In addition 
the effect o f the control system "stretch" on the tota l surface deflection 
under l imit maneuvering loads should be considered from the standpoint 
of "surface usefulness", as described in CAM 0 4 . 4 3 - 1 1 . 

2 . Clearances, both linear and angular, should be suffioient to 
prevent jamming due to deflections or to wedging by foreign objects. 
It i s common practice in the design stage to incorporate an angular 
clearance of 5 degrees beyond the f u l l travel l imi t . Surfaces and 
their bracing should have sufficient ground clearance toa-roid damage 
in operation. 

3 . External wire bracing on t a i l s is subject to vibration and the 
design of the -wire assembly and end connections should be such as to 
withstand this condition. Swaged t i e rods are recommended, except that 
for use on l ight aircraft unswaged rod is acceptable i f the points 
covered in CAft 04.403 are followed. Leading edges and struts should 
have adequate strength to withstand handling loads if handles or grips 
are not provided. 

4 . Direct welding of control horns to torque tubes (without the use of 
a sleeve) should be done only when a large excess of strength is indicated. 
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0 421 STOPS 

lo S tops are s p e c i f i c a l l y r e q u i r e d i n the ca se o f a d j u s t a b l e s t a b i l i z e r s 
and e l e v a t o r t r a i l i n g edge tab systems (CAR. 04„421 and 0 4 . 4 2 1 0 ) . Some 
form o f s t o p shou ld , however , be employed at a l l s u r f a c e s i n o r d e r t o 
a v o i d i n t e r f e r e n c e s and p o s s i b l e damage t o the p a r t s conce rned and t o 
l i m i t t he t r a v e l to the approved range» (See a l s o CAM 04o431o) 

422 HINGES 

1. The f o l l o w i n g p o i n t s have been found o f importance i n c o n n e c t i o n with 
h i n g e s : 

a . P r o v i s i o n f o r l u b r i c a t i o n should be made i f s e l f - l u b r i c a t e d or 
s e a l e d b e a r i n g s a re not u sed . 

b . The e f f e c t s o f d e f l e c t i o n o f the s u r f a c e s , such as i n b e n d i n g , 
shou ld be a l l owed f o r , p a r t i c u l a r l y w i th r e s p e c t t o misal ignment 
o f the h i n g e s . This may a l s o i n f l u e n c e spac ing o f the h i n g e s . 

c . S u f f i c i e n t r e s t r a i n t . s h o u l d be p r o v i d e d i n one or more b r a c k e t s 
t o wi ths tand f o r c e s p a r a l l e l t o the hinge c e n t e r l i n e . Rudders , 
f o r i n s t a n c e , may be s u b j e c t e d t o h igh v e r t i c a l a c c e l e r a t i o n s i n 
ground o p e r a t i o n . 

d . Hinges v/elded t o e l e v a t o r to rque tubes or s i m i l a r components may 
prove d i f f i c u l t t o a l i g n un le s s kept r e a s o n a b l y s h o r t and we lded 
i n p l a c e i n accura t e j i g s . 

e . : Piano type h inges are a c c e p t a b l e wi th o e r t a i n r e s t r i c t i o n s . 
In g e n e r a l on ly the " c l o s e d " type should b e u s e d , i . e . , t he 
h inge l e a f should f o l d b a c k under the at tachment means. The 
at tachment should be made w i t h some means o the r than wood 
s c r e w s , and t h i s attachment should be as c l o s e as p o s s i b l e 
t o the hinge ' l i n e t o reduce f l e x i b i l i t y . Piano h inges 
should no t be used a t po in t s o f h igh l o a d i n g , such as o p ­
p o s i t e c o n t r o l h o r n s , un les s the r e a c t i o n i s s a t i s f a c t o r i l y 
• d i s t r i b u t e d . Due t o the d i f f i c u l t y i n i n s p e c t i n g o r r e p l a c ­
ing a worn h inge -mire, i t i s b e t t e r t o use s e v e r a l shor t 
l e n g t h s thah one long, h i n g e . 

423 ELEVATORS 

1 . When d i h e d r a l i s I n c o r p o r a t e d In the h o r i z o n t a l t a i l the u n i v e r s a l 
c o n n e c t i o n between the e l e v a t o r s e c t i o n s should be rugged t o conform 
wi th CAR 04 .423 . 
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. 4 2 4 DYNAMIC AND STATIC BALANCE OF CONTROL SURFACES 

1 . Dynamic Balance, A movable surface i s dynamically balanced 
with respect to a given axis i f an angular acceleration of the 
surface about that axis does not tend to cause the surface to 
swing about i t s own hinge l i n e . A control surface which i s 
dynamically balanced about a certain axis w i l l therefore remain 
"neutral" with respect to a torsional vibration about that ax i s ; 
that i s , i t w i l l act as though r i g i d l y connected with , and a 
part of, the f ixed surface to which i t i s attached. As the 
types of f l u t t e r l i k e l y to be encountered in a i r c r a f t structures 
involve both tors ional and bending v ibrat ion, the type of balanc­
ing employed and the choice of a suitable reference axis for 
any given case w i l l depend on the part icular form, of f l u t t e r to 
which the component i s subjected. 

2 . S tat ic Balance. Complete s ta t i c balance of a movable con­
t r o l surface i s obtained when the CO of the movable structure 
i s located on the hinge l i n e ; i . e . , zero unbalance hinge moment, 
or i n a plane through the hinge l ine and normal to the median 
plane of the surface. The following points should be noted in 
connection with s t a t i c a l l y balanced surfaces; 

a . When a surface i s i n complete s tat ic balance the 
numerical value of the product of iner t ia (K) i s the 
same for any set of para l l e l o s c i l l a t i o n axes . However, 
the sign of the product of iner t ia (K) w i l l depend on 
the locat ion of the o s c i l l a t i o n axis with respect t o 
the center o f pressure (CP) of the surface . 

b . I t should be noted that when each sect ion of a surface 
perpendicular to i t s hinge axis i s s t a t i c a l l y balanced, 
the surface w i l l be in complete dynamic balance for 
o s c i l l a t i o n about any axis perpendicular to the hinge 
a x i s ; i . e . , K / l = 0 . 

c When the surface i s s t a t i c a l l y balanced i t -will have 
some dynamic unbalance with respect to o sc i l l a t i ons 
about an axis para l l e l to the hinge ax i s ; i . e . , K/I - 1 . 0 . 

3 . Balance Coef f ic ients . The dynamic balance coe f f i c i ent , K / l , 
i s a measure of the dynamic balance condition of a control sur­
face . A z e r o coeff ic ient corresponds t o complete dynamic 
balance for any given set o f axes; i . e . , perpendicular, p a r a l l e l , 
or at an angle to each other. Posit ive and negative coef f ic ients 
correspond to dynamic unbalance or over-balance, respect ive ly . 
This coef f ic ient i s non-dimensional and consists of a fract ion 
whose numerator i s the resultant weight product of inert ia of 
the control surface including balance weights (about the hinge 
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and osc i l la t ion axes) and -whose denominator I s equal to the 
weight moment of inertia of the control surface (including 
balance weights) about the hinge ax i s . The coeff ic ient K/I 
may be said to represent: 

Exciting Torque 
Resisting Torque 

and i s therefore more rational than the coef f ic ient Cg which i s : 

Exciting Torque 
Weight x Area 

Both are non-dimensional and w i l l y ie ld comparable results for 
conventional surfaces, but only Yi/l may be considered to pro­
perly apply t o other, surfaces. I t should be pointed out, how­
ever, that when K/ l i s used, variations with different aspect 
ratio of the control surface may ar i s e , part icular ly f o r the 
perpendicular axes case . This does not occur with Cg. 

4 . Product of Inertia with Jtespect to Two Axes that are Mutually 
' Perpendicular. In computing the dynamic balance coef f ic ient , 
K / I , of a control surface f o r axes that are mutually perpen­
dicular (within 1 5 ° ) , the following procedure may be used: 
Referring to Figure 35; 

a. Assume X-axis coincident with the assumed (or known) 
osc i l la t ion ax i s . Posit ive direct ion from the Y-axis 
i s af t of control surface hinge a x i s , and negative 
forward of hinge. 

b . Assume Y-axis coincident with the control surface hinge 
a x i s . Positive direct ion from X-axis i s taken on the 
same side of the X-axis as i s the center of pressure 
(CP) of the maneuvering load on the surface (see GAR 
04, Figures 04-5 and 04-7 for the maneuvering load 
d i s tr ibut ion) . I t should be noted that i t . is unneces­
sary to compute the posi t ion of the OP for these 
purposes, i f the side of the X-axis on .which i t l i e s 
may obviously be determined by inspection. 

c . After the reference axes have been established, the 
surface should be divided into r e l a t i v e l y small parts 
and the weight of ea ch such part (w) and the perpen­
dicular distance from i t s CG to each axis (x t o Y-Y axis 
and y to X-X axis) should be determined and tabulated, 
(see typical tab le , figure 35A). The weights and distances 
should be accurately determined. The weights and CG 
locations of doped fabric and tra i l ing edge material 
are sometimes underestimated with a' result ing serious 
unbalance condition, and a larger value of K / I . In 
addition changes in service may tend t o increase the 
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T1TICAL TABLE 

for 

MASS BALANCE COMPUTATIONS 

MODKL: SURFACE: DATE: 

Item 
No. 

Part 
No. Description 

Weight Dis t . from 
hinge £ 

x 2 

Moment = wx 
Diet.from 
o s c i l ­ K «* wxy 

w 

. l b s . 

X 

inches 

x 2 

inch-lbs. 

+ 

inch-lbs, l b . - i n s . 2 

lat ion 
axis = y 

In. 

— + 

(1) (Z) (3) (4) (5) f6) (7) (8) (9) 

1 

etc. 

TOTALS + 2 2 - 2 

STATIC UNBALANCE. = ALGEBRAIC SUM OF S ( C o l . 4) and S ( C o l . S) = 

V / T _ 2 ( C o l . . 8 ) + S ( C o l . 9) _ 
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unbalance. Referring to Figure 35 of CAM'04, the 
product of inertia of the item of -weight, w, i s equal to 
wxy. .The product of inert ia , K, of the complete sur­
face i s the sum of the individual products of inertia 
of each part. Hence, K = wxy. The weights should 
be expressed in pounds and the distance in inches. K 
i s then in lbs . - inches 3 . 
Moment of Inertia of Control Surface about the Hinge 
Axis . The moment of inertia ( iy-y) of the control sur-
face about i t s hinge axis may be computed from the data 
found for computing K (in paragraph c, above). I for a 
small part of the weight, w, i s equal to wx 2 , when x i s 
the perpendicular distance from i t s CG- to the hinge 
ax i s . Hence Iy_y i s equal to the sum of the individual 
moments of inertia of each part .and i s equal to 2 w x 2 . 
The weight should be in pounds and the distance in 
inches, so that I y _ v w i l l be in lbs . - inches 2 . I t should 
be noted that the correct value of Iy..y w i l l only be 
obtained, i f the weight items are broken down into a 
sufficient number of small parts , especially in the 
chordwlse direction. This i s particularly important 
for such items as fabric covering and tape, dope, metal 
skin, trail ing edge tabs, tab operating mechanism, e tc . , 
unless the moment of inertia i s f i r s t obtained about a 
parallel axis through the CG of the larger concentrated 
weighty w, and then transferred to the hinge axis; i . e . , 
I y _ Y = ICG + d 2 where d i s the perpendicular distance 
in inches between the CG and the hinge axis . 
The dynamic balance coefficient i s then equal to K/I 
for the X and Y axes assumed. 
I t i s sometimes found necessary to calculate the product of 
inertia (K&) with respect to one set of axes (Xg and Yg) given 
the product of inertia (K^) with respect to another set of 
axes (1^ and T^) lying an the same plane. Referring to the 



CIVIL AERONAUTICS MANUAL 

% = % + 7 l W + 7 O XL W + Xo y 0 W 

Where W = Total weight in l b s . and x^ and ŷ  are the 
coordinates ( in inches) of the CG with reference to 
the Xi and Yi axes respectively, and x 0 and y 0 are 
the distances ( in inches) between the X axes and Y 
axes respectively. 
I t should be pointed out that in the case of s t a t i c a l l y 

-balanced control surfaces (zero unbalance), the pro­
duct of inert ia (K) i s independent of the true location 
of the axis of osc i l la t ion (X) but not of i t s direct ion. 

5 . Product of Inertia with Respect to Two Axes that are not 
Mutually Perpendicular. This case might occur for some wing 
bending versus aileron mode of v ibrat ion, with, f o r example, 
the relations shown in Figure 35B. As shown in ACIG #711, the 
product of inert ia for the inclined axes (0-0 and Y-Y) can be 
obtained from the perpendicular axes (X-X and Y-Y) value by 
the use of the following equation: 

K o y • Kjjy sin $> - Iy._ y cos 

I f i s taken as the angle between the hinge axis and the axis 
of osc i l la t ion in that quadrant where the center of gravity of 
the surface i s located, neglecting the inclination of the axes 
w i l l be conservative i f {> i s acute; i f i s obtuse the resul t 
may be unconservative, especial ly i f K i s small compared with I . 

6 . Product of Inertia with Respect to Two Axes that are Parallel 
and in whose Plane the Control Surface CG i s Located. This case 
may be of importance in some of the wing torsion versus aileron 
and fuselage bending versus rudder or elevator modes of v ibra­
t ion . Using the same nomenclature as in the previous cases 
where Y-Y i s the binge l ine of the control surface and X-X i s the 
axis of osc i l lat ion of the body as shown in Figure 35C which 
represents a fuselage side bending versus rudder mode of v ibra­
t ion , then 

K x y = x o x l «"
 + Vy 

where': x 0 i s the distance between the two paral le l axes in 
inches. 

X]_ i s the distance of the CG of the control surface 
(including balance v/eights) from the hinge l i n e in 
inches (aft of hinge i s positive and forward i s 
negative) . 

I i s the weight of the control surface (including 
balance weights) in l b s . 

lyjir i s the moment of inertia of the control surface 
(including balance weights) about the hinge l i n e 
in l b s . - i n c h e s 2 . 

,4-28 
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INCLINATION OF THE AXIS FOR A TYPICAL WINO-BENDING VERSUS AILERON MODE OF VIBRATION. 

301230 0—41 11 ' 
Fl G, Jo D 
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PARALLEL AXES FOR A TYPICAL FUSELAGE-BENDING VERSUS RUDDER MODE OF VIBRATION. 

FIG. 35 C 
. 4 -30 
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I t i s thus obvious that to make K equal to zero f o r this mode o f 
v ibrat ion x^ must be negative j that i s , the center of gravity of 
the control surface must l i e forward of the hinge l i n e 0 

7 . The special case of para l l e l axes wherein the control surface 
CG i s located outside of the plane of the axes, may in most cases 
be resolved into the above paral le l axes case (6) by projecting 
the X-ax is to the plane through the control surface hinge result ing 
in a new X ' - a x i s and resolving the CG reaction into components 
perpendicular and paral le l to th i s plane. This may only be done 
when i t can be shown that the CG of the control surface f a l l s in 
the new plane through the X' and Y-axes which w i l l be found true 
for most rudders and elevators . However, for the a i leron, as 
shown in Figure 35D, where the hinge axis i s usually near the 
bottom of the surface resulting in the CG being above an X ' - Y 
plane, i t w i l l be necessary to consider the components of the CG, 
since an appreciable unbalance may be present even with a s ta t i ca l ly 
balanced ai leron, for the true o s c i l l a t i o n mode involving rotation 
about the X - a x i s . 

WING FLAPS 

1 . In addition to the usual a ir loads, f laps may be subjected to high 
loca l loadings from impact of water when the airplane is operated from 
wet f i e l d s , or when used on seaplanes. This i s particularly true of 
low-wing in s ta l l a t i ons . 

2 . Ground clearance of the flaps should be considered in the i n i t i a l 
design s tages , 12 inches being a reasonable minimum. Since f lap travel 
may be varied before f ina l approval in order to secure the desired 
f l i gh t -pa th , tr im, or landing character is t ics , the maximum expected 
travel should be used when determining clearance. 

TABS 

1 . Minimum deflections and play are of f i r s t importance in the in ­
s t a l l a t i o n of these surfaces. Strength of tne surface and anchorage 
should be suf f ic ient to prevent damage or misalignment from handling. 
This i s part icularly true of thin sheet tabs which are set by bending 
to the proper posi t ion. See a lso CAM 0 4 . 4 2 4 . 

4 - 3 1 
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~ X A X S S 
(PARALLEL TO AILERON 

HfNGE L INE) 

PARALLEL AXES WITH THE CONTROL SURFACE 
OUTSIDE T H E PLANE OF THE A X E S 

FIG. 35 D 
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. 4 3 DETAIL DESIGN OF CONTHDL SYSTEMS 

1 . G e n e r a l . The movements o f h o r n s , c a b l e s and o t h e r components 
w i t h r e s p e c t t o e a c h o t h e r " s h o u l d b e s u c h t h a t t h e r e i s n o e x c e s s i v e 
c h a n g e i n s y s t e m t e n s i o n t h r o u g h o u t t h e r a n g e . A d j u s t a b l e s t a b i l i z e r -
e l e v a t o r c o m b i n a t i o n s , i n p a r t i c u l a r , s h o u l d be c h e c k e d f o r t h i s 
c o n d i t i o n . P u l l e y g u a r d s s h o u l d b e c l o s e f i t t i n g t o p r e v e n t jamming 
f r o m s l a c k c a b l e s s i n c e w i d e t e m p e r a t u r e v a r i a t i o n s w i l l c a u s e 
r i g g i n g l o a d s t o v a r y a p p r e c i a b l y . . The d e s i g n of t h e p u l l e y b r a c k e t s 
s h o u l d b e such t h a t t h e p u l l e y l i e s i n t h e p l a n e d e t e r m i n e d b y t h e 
c a b l e . A l l o w a b l e t o l e r a n c e s i n m a n u f a c t u r i n g s h o u l d n o t p e r m i t t h e 
c a b l e t o r u b a g a i n s t t h e p u l l e y f l a n g e s . 

2. T r a v e l . The t r a v e l o f t h e p r i m a r y c o n t r o l e l e m e n t s i s g e n e r a l l y 
d e p e n d e n t on t h e s i z e o f t h e a i r c r a f t . S t i c k t r a v e l a t t h e g r i p may 
v a r y f r o m 1 8 n x 1 8 " t o t a l t o much s m a l l e r v a l u e s f o r l i g h t a i r c r a f t . 
A n g u l a r t r a v e l o f t h e c o n t r o l -wheel f r o m n e u t r a l may v a r y c o r r e s p o n d ­
i n g l y f r o m 2 7 0 ° t o 9 0 ° . A u s u a l v a l u e o f p e d a l t r a v e l i s 6" t o t a l . 
T h e r e i s a - t r e n d t o w a r d a d j u s t m e n t f o r v a r i a t i o n s i n s t a t u r e o f t h e 
p i l o t , e i t h e r i n t h e s e a t o r a t t h e c o n t r o l s . 

3 . P o s i t i o n i n g . I n t h e l a y o u t and p o s i t i o n i n g o f a c o n t r o l c o n s i d e r a ­
t i o n s h o u l d b e g i v e n t o i t s r e l a t i v e i m p o r t a n c e and t o i t s c o n v e n i e n t 
p l a c e m e n t f o r t h e u s u a l s e q u e n c e o f o p e r a t i o n s . Thus f o r l a n d i n g , i t 
i s d e s i r a b l e t h a t t h r o t t l e , p r o p e l l e r p i t c h c o n t r o l , f l a p c o n t r o l , and 
b r a k e s b e o p e r a b l e w i t h o u t c h a n g i n g hands on t h e w h e e l or s t i c k . L i k e ­
w i s e s e c o n d a r y c o n t r o l s such as f u e l v a l v e s , e x t i n g u i s h e r s , and f l a r e s 
s h o u l d b e s o l o c a t e d t h a t t h e p o s s i b i l i t y o f a c c i d e n t a l or m i s t a k e n 
o p e r a t i o n i s r e m o t e . 

4 . C e n t e r i n g C h a r a c t e r i s t i c s . A p o i n t s o m e t i m e s o v e r l o o k e d i s t h e e f ­
f e c t o f t h e w e i g h t o f a c o n t r o l member o r o f a p i l o t ' s arm o r l e g on 
t h e c e n t e r i n g c h a r a c t e r i s t i c s o f t h e c o n t r o l . F o r i n s t a n c e , r e s t i n g 
t h e hand on a s t i c k g r i p i n w h i c h t h e f o r e and a f t a x i s i s n o t d i r e c t l y 

b e l o w ' t h e g r i p w i l l t e n d t o a p p l y a i l e r o n . L i k e w i s e r u d d e r p e d a l s on 
•which t h e --whole f o o t i s r e s t e d and w h i c h h a v e t h e i r h i n g e l i n e b e l o w 
t h e p e d a l w i l l t e n d t o move away f r o m c e n t e r . 

5 . C a b l e s . C o n t r o l c a b l e s s h o u l d b e o f t h e 6 x 1 9 o r 7 x 1 9 e x t r a 
f l e x i b l e t y p e , e x c e p t t h a t 6 x 7 o r 7 x 7 f l e x i b l e c a b l e i s a c c e p t a b l e 
i n t h e 3 / 3 2 i n c h d i a m e t e r s i z e and s m a l l e r p r o v i d e d t h a t p a r t i c u l a r 
c a r e i s t a k e n t o p r e v e n t w e a r . 
"Cable m a i l e r than 1 / 8 inch diameter should not be 
used in primary control systems, except that smaller 

.s izes'may be.used f o r tab control systens where, in the 
event of cable f a i l u r e , i t i s demonstrated that the a i r ­
plane can be s a f e l y control led in f l i g h t and landing 
Operations*" ( S e e t h e f o l l o w i n g p a r a g r a p h ?> r e g a r d i n g t h e 
u s e o f f a i r l e a d S o ) 

"For properties of control cable see Table 4 - 1 4 of ANC-5 
and f o r cable terminal e f f i c i e n c i e s see 4 ,530 of ANC-5 , n 

End s p l i c e s s h o u l d b e made b y an a p p r o v e d t u c k m e t h o d s u c h a s 
t h a t o f t h e Army a n d . N a v y , e x c e p t t h a t s t a n d a r d wrapped and s o l d e r e d 
s p l i c e s a r e a c c e p t a b l e f o r c a b l e l e s s t h a n 3 / 3 2 i n c h e s i n d i a m e t e r . 

A p p r o v e d s w a g e d - t y p e t e r m i n a l s a r e a l s o a c c e p t a b l e . I t s h o u l d b e 
remembered t h a t c a b l e s i z e s a r e g o v e r n e d by c o n s i d e r a t i o n s o f c o n t r o l 
s y s t e m d e f l e c t i o n a s w e l l a s b y s t r e n g t h r e q u i r e m e n t s , p a r t i c u l a r l y 
when l o n g c a b l e s a r e u s e d . 
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6. Spring type connecting links for chains have been found to be 
not entirely satisfactory in service. It i s advisable that a more 
rel iable means, suoh as peening or dotter pins, be employed. 

7 . Fairleads should be used to prevent cables, chains and links from 
chafing or slapping against parts of the aircraft , but should not be 
used to replace pulleys as a direction-changing means. However, where 
the cable load i s small, and the location i s open to easy visual 
inspection, direction changes (through fairleads) not exceeding 3° 
are satisfactory in primary control systems except when 3/32 inch 
diameter cable i s used. (See paragraph 5 . ) A somewhat greater value 
may be used in secondary control systems. Because of i t s corrosive 
action on cables, rawhide should not be used for fairleads or chafing 
s tr ips . 

8 . "When using extreme values of differential motion in the aileron 
control system or a high degree of aerodynamic balance of the ai lerons, 
the fr ic t ion In the system must be kept low, otherwise the ailerons 
wi l l not return to neutral and the lateral s tab i l i ty characteristics 
wi l l be adversely affected. This is particularly true when the a i l e ­
rons are depressed as part of a f lap system, in which case there may 
even be definite overbalance e f fec t s . 

9 . Adjustable stabi l izer controls should be free from "creeping" 
tendencies. "When adjustment is secured by means of a screw or worm, 
the lead angle should not exceed 4 ° unless additional friction, a 
detent, or equivalent means is used. In general,, some form of i rre ­
versible mechanism should be incorporated in the system, particularly 
i f the stabi l izer is hinged near the trai l ing edge. 

10 . Dual control systems should be checked for the effects of opposite 
loads on the wheel or st ick. This may-be cr i t ica l for some members 
such as aileron bel l crank mountings in an "open* system, i . e . , no re­
turn except through the balance cable between the ailerons. In addition, 
the deflections resulting from this long load path may slack off the 
direct connection sufficiently to cause jamming of cables or chains un­
less smooth c lose-f i t t ing guards and fairleads are used. 

1 1 . I t i s essential that control systems, when subjected to proof and 
operation t e s t s , indicate no signs of excessive deflection or permanent 
se t . In order to insure that the surfaces to which the control system 
attaches wi l l retain their effectiveness in f l i g h t , the deflection in 
the system should be restricted to a reasonable l imi t . As a guide fbr 
conventional control systems, the average angular deflection of the 
surface, when both the control system and surface are subjected to l imit 
loads as computed for the maneuvering condition neglecting the minimum 
l imit control force but including tab ef fects , should not exceed approxi­
mately one-half of the angular throw from neutral; to the extreme posit ion. 
(See CAM 04.42-1) 

12 . It is essential that when a nose wheel steering system is inter­
connected with the f l ight controls care be taken to prevent excessive 
loads from the nose wheel overstressing the f l ight control system. 
This objective may be attained by springs, a weak l ink, or equivalent 
means incorporated in the nose wheel portion of the control system. 

„4-34 
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.431 STOPS 

.4-35 

1. Although the location of stops within the control system is not 
specified, they should preferably be located close to the operating 
force in order to avoid a "springy** control. As noted in CAM 04.421 , 
additional stops may in same cases be needed at the surfaces. Stops 
should be adjustable -where production tolerances are such as to result 
in appreciable variation In range of motion. 

.432 JOINTS 

1. Bol ts , straight pins, taper pins, studs, and other fastening means 
should be secured with approved locking devices. (See CAM 04.4020) 
Rivets should not be subjected to appreciable tension loads. 

2 . The assembly of universal and bal l and socket joints should be in­
sured by positive locking means, rather than by springs. In addition 
the angular travel of such joints should be limited by system stops 
rather than by accidental interferences which may induce extremely high 
stresses in the jo int s . 

3 . Woodruff keys should hot be used in tubing unless provision is made 
against the key dropping through an oversize or worn seat. 

.434 FLAP CONTROLS 

1 . Undesirable f l ight characteristics, such as loss of l i f t and con­
sequent sett l ing, may result from too rapid operation of flaps -which 
give appreciable l i f t . When the prime function of the flap is to act 
as a brake, however, slow operation i s not so important. When flaps 
extend over a large portion of the span the control and means of inter­
connection should be such as t o insure that the flaps on both sides 
function simultaneously. 

.435 TAB CONTROLS 

1. In addition to the air loads, consideration should be given in the 
design to the lapping effect of dust and grease on fine threads, de­
flections of the tab due to the small effective arm of the horn or' equiv­
alent member, and vibration common to the trail ing edge portion of most 
movable surfaces. 

2 . It is advisable to avoid a tab control with small travel because of 
the resulting abrupt action of the tab, 

.437 SINGLE-CABLE CONTROLS 

1. Single oable controls refer to those systems which do not have a 
positive return for the surface or device being controlled. Rudder oon-
trol systems without a balance cable at the pedals are considered sat is ­
factory i f some means suoh as a spring Is used to maintain cable tension 
and to hold the pedals in the proper pos i t ion . I t should be noted 
that i t i s not the intent of the specif ied requirement towquire a 
duplication of cables performing the same function. 
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13 . Power Boost Controls. Such controls should exhibit control force 
versus surface deflection curves which are smooth and free from discon­
t inu i t i e s . (See also CAR 04.75120.) Consideration should be given in the 
design and in test to the effects of the temperature variation to be 
expected in operation, in order to avoid the possibi l i ty of jamming or 
excessive lag . Small changes in valve adjustments or other settings should 
not result in marked changes in operating or control characteristics. 

- 1 4 Insta l la t ion of Tumbuckles. Fork ends of turnbuckles should not 
be attached direct ly to control surface horns or to bellcrank arms 
unless a posi t ive means (such as the use of shackles, universal 
j o i n t s , e t c . ) i s used to prevent binding of turnbuckles re la t ive to 
the horns or bellcrank arms which may be caused by excessive t ighten­
ing of the attaching b o l t s , or unless i t can be shown that the turn­
buckles have adequate strength assuming one end fixed and the design 
cable loads pulling of f the other end at 5° to the turnbuckle a x i s . 
Care should be taken to insure that there i s no interference between 
the horns or bellcrank arms and the fork ends of turnbuckles, through­
out the range of motion of the control surfaces . 
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Safetying of Turnbuckles. A l l turnbuckles should be safet ied with 
wire as indicated below. After safetying the turnbuckle, no more 
than three threads should be exposed, and the ends of each safety 
wire should be securely fastened by at l eas t four wraps. 

Turnbuckle 
Strength 

(AN Std . ) 

Type 
of 

Wrap 

Diam. 
of 

Wire 

Material 
(Annealed 
Condition) 

800 Single .040 Copper, Brass, Gal* Steel* 
1600 Single .040 Copper, Brass, Gal*. Steel* 
2100 
2100 

Single 
Double 

.040 

.040 
Stainless Steel 
Copper, Brass, Galy. Steel* 

3200 
and 
greater 

Single 
Double 
Double 

.072 

.051 

.040 

Copper, Brass, ^al*. Steel* 
Copper, Brass, Galv. Steel* 
Stainless Steel 

* Galvanized or tinned soft iron or tinned 
steel wires are also acceptable. 

SINGLE WEAP 

Notes: 

DOUBLE WRAP 

MM 
1 . Wire 1 i s passed through the tumbuokle hole as shown, the two 

wire ends are passed through the r ight and l e f t hand ends of 
the tumbuokle and are then bent baok along the barrel of the 
turnbuckle, 

2 , Wire 2 i s ins ta l l ed and wrapped (these wraps are next to the 
ends of the turnbuckle) . 
The two loose ends of wire 1 are then wrapped. 
— .4-35a 
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DETAIL DESIGN OF LANDING GEAR 

1 , The wheel travel should "be ample for the servioe and requirements 
involved. The geometric arrangement of members in the landing gear 
should be suoh that the wheel travel i n the direction of the resultant 
external force w i l l be adequate. See CAM 0 4 . 4 4 0 - 1 , Extremely high 
heat t r e a t s , part icu lar ly when combined with thin sec t ions , are usually 
sources of trouble in serv ice . An ultimate strength of 180 ,000 pounds 
per square inoh may be regarded as a usual upper l i m i t , except in spe­
c i a l oases . To prevent binding and sooring in shock absorbers I t Is 
desirable to keep bending def lect ions , and bearing stresses at p i s tons , 
packing glands and bearings , at low values . 

2 * In general the purpose of unconventional gear i s to f a c i l i t a t e land­
ing under unfavorable condit ions. In order to rea l i ze th is purpose i t 
i s advisable that the energy absorption oapaoity be in excess of that 
needed for conventional gear. 

SHOCK ABSORPTION 

1 . In order to obtain adequate energy absorption without exceeding 
the speci f ied load factors i t i s essent ia l to provide suff ic ient wheel 
t r a v e l . Neglecting the e f f ec t of t i re and structural def lect ion , i t 
may be shown that: 

t = _ l _ 
n-t^- 1 

t = component of wheel t rave l in the direction 
of the resultant external force , 

h = specif ied height of drop, 
n - load f a c t o r , and 
y\ = absorber e f f i c iency . 

Thus when a certain height of drop h must be met without exceeding a 
load factor n, the recommended minimum wheel travel for any absorber 
e f f ic iency may be computed, while absorber e f f i c i enc ies as high as .85 
have been developed, i t should be noted that suoh shock absorbers tend 
t o give bouncing and undesirable taxiing character i s t i cs . This may be 
obviated by ample travel in combination with an absorber which does not 
develop high loads in the f i r s t part of travel but rather rtbuilds-upn 

gradually to a peak load only when near the f u l l y deflected pos i t ion. 
In "suoh oases, an e f f ic iency of .60 to .70 may be expeoted. The e f fec t 
of the t i r e in a l ter ing the above relat ionship w i l l in general not be 
large because, while i t provides additional energy absorption, i t s de­
f l e c t i o n increases the energy to be diss ipated. Structural deflections 
while not usually of importance, may in some cases appreciably reduce 
load fac tors . 
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04- 45 

o443 A wheel appended to a previously approved t a i l skid ins ta l la t ion w i l l 
not be classed as a "landing gear wheel"., See CAM 04 .060-2 for an 
acceptable procedure of use in making suoh a change° 

. 4 4 4 RETRACTING MECHANISM 

1 . The requirement of a visual position indicating means may usually be 
met by mechanically or e l e c t r i c a l l y operated indicators . When windows • 
or other openings are so placed that i t i s possible for the p i l o t to note 
d i rec t ly the posit ion of the wheels, a separate visual indicator is not 
required. In such cases , however, i t i s essent ia l that illumination be 
provided for night operation. When i t is necessary for latches to op­
erate before the gear wi l l carry landing loads, l ights or other means 
should be used to indicate completion of this operation. In the case of 
amphibians the requirement in CAR 04.444 regarding aural indicators 
does hot apply. With this type of a irplane- i t i s usually more important 
to guard against the p o s s i b i l i t y of alighting on the water with the wheels 
down. 

2 . In the design of retracting systems, the source of most service troubles 
l i e s in such items as latches (particularly i f spring loaded), l imit 
switches, va lves , cable ins ta l l a t ions , universal j o i n t s , and indicating 
systems. The ef fects of mud, water, ice and extreme temperature variations 
should be studied. 

3 . In manually operated systems i t is desirable that the crank or lever 
forces not exceed 15 to 20 pounds. Further, about s ixty 12 inch strokes 
per minute i s a pract ical maximum. Hence the to ta l work input for opera­
t ion varies with the time. To keep this at a reasonably low value, i t 
i s therefore important that losses be kept small. With larger and heavier 
gear the use of a bungee may be necessary. 

.4440 The usual reduction rat ios of screw and nut, and of worm and worm wheel 
combinations, are considered to provide i r r e v e r s i b i l i t y . Detents or other 
means should be provided however i f there is appreciable creeping. Some 
types of swinging arms which move s l i gh t ly past dead center to a posit ion 
against a stop are a l so acceptable, but the e f f ec t of bouncing on landing 
should be considered. 

.45 HULLS AND FLOATS 

1. General practice in the design and construction of f loats and hul ls 
is well establ ished. Rivet spacing for watertight jo ints i s substantial ly 
c loser than required for structural strength. The same applies to spacing 
of spot welds. Drain holes should be positioned at s tr ingers , transverse 
frames, and other members so that water w i l l drain to the low point with­
out being trapped in pockets at inaccessible points . Adequate inspection 
openings should be provided. When the bottom is curved in transverse 
section there may be high loads acting inward at the chine between frames 
due to the tension in the bottom plating. 
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2 . Due t o the s eve re nature o f the l o a d s imposed b y water o p e r a t i o n , 
c o n s i d e r a t i o n should be g i v e n t o the e f f e c t o f sharp impacts and r a c k ­
ing l o a d s . P a r t i c u l a r a t t e n t i o n should be pa id t o f i t t i n g s , and , i n 
twin f l o a t s e a p l a n e s , t o t r u s s e s and members c a r r y i n g unsymmetrical 
loads-. 

.450 BUOYANCY (MAIN SEAPLANE FLOATS) 

1. I t shou ld be n o t e d tha t Canadian requirements s p e c i f y t ha t t w i n -
f l o a t seaplanes s h a l l have a t l e a s t 100 per cen t r e s e r v e buoyancy i n 
the f l o a t s . See a l s o CAM 0 4 . 4 5 1 . 

.451 BUOYANCY (BOAT SEAPLANES) 

1. Any o f the methods common t o naval a rch i t ec tu re may be used t o 
demonstrate compliance with buoyancy r e q u i r e m e n t s . Bulkheads should be 
w a t e r t i g h t a t l e a s t 18 inches above the water l i n e b e i n g c o n s i d e r e d . 
A c c e p t a b l e s u b s t i t u t e s f o r w a t e r t i g h t doors i n bulkheads are s i l l s or 
s e c t i o n s -which m a y b e s l i d or s e t i n t o p l a c e . These should l i k e w i s e 
extend a t l e a s t 18 i n c h e s above the -waterliix© c o n s i d e r e d , and should 
b e q u i c k l y i n s t a l l a b l e . Bulkheads should p o s s e s s ample s t r eng th t o 
-withstand h y d r o s t a t i c loads w i t h some r e s e r v e f o r . s u r g e s . Cables i n 
the h u l l ' s h o u l d no t be c a r r i e d b e l o w the w a t e r l i n e due t o the imprac­
t i c a b i l i t y o f s e a l i n g a t . w a t e r t i g h t bu lkheads . Wa te r t i gh t c l o s e d com­
partments should be vented tp a p o i n t w e l l above the w a t e r l i n e and c o n ­
s i d e r a t i o n should be g i v e n t o a i r p ressu re v a r i a t i o n a t the ven t ing 
p o i n t . ' 

,452 WATER STABILITY 

1. The methods employed i n naval a r c h i t e c t u r e may be used t o demon­
s t r a t e compl iance wi th the s t a b i l i t y r equ i r emen t s . In some oases t h i s 
compl iance has been shown by a s syme t r i c l o a d i n g o f the a i r c r a f t on the 
w a t e r . Camputations are a c c e p t a b l e bu t w i t h c e r t a i n t y p e s o f s e a p l a n e s , 
such as those i n c o r p o r a t i n g s eawings , the use of m e t a c e n t r i c h e i g h t as 
a c r i t e r i o n becomes meaningless d u e . t o v a r i a t i o n wi th l i s t and l o a d i n g . 
Recourse must then be made t o methods such as Bonjean curves or the 
homogenous mass method t o demonstrate t h e . e x i s t e n c e o f adequate r i g h t i n g 
moments. For a f u r t h e r d i s c u s s i o n o f methods see t e x t s such as "The 
Naval C o n s t r u c t i o n " b y Simpson, " T h e o r e t i c a l Naval Arch i t ec tu re 1 * b y 
A t t w o o d , and "Engineer ing Aerodynamics" b y D i e h l . Note t h a t the Canadian 
requirements f o r twin f l o a t seaplanes s p e c i f y t ha t the m e t a c e n t r i c h e i g h t 
s h a l l no t b e l e s s than the f o l l o w i n g v a l u e s : 

Transverse m e t a c e n t r i c h e i g h t = 4$ D f t , and 

Long i tud ina l m e t a c e n t r i c h e i g h t = 6V D f t , where 

D - t o t a l d i sp lacement o f the seaplane i n c u b i c f e e t . 
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,4632 OPERATION LIMITATIONS AND INFORMATION 

Sat is factory means of informing operating personnel of necessary 
operation l imitat ions and information are outlined below-

1 , Instrument marking should be used f o r : 

a. Airspeed not t o be exceeded in gl ide or d ive , 
b . Airspeed not to be exceeded in l e v e l f l i g h t or climb. 
c . Airspeed not to be exceeded with f laps extended. 
d . R,P,M, not to be exceeded in take-off . 
e . R.P.M. not to be exceeded in climb. 
f. R.P.M. not t o be exceeded in a l l other operations. 
g. Manifold pressure not to be exceeded i n take-off . 
h. Manifold pressure not t o be exceeded in climb. 
i . Manifold pressure not to be exceeded in a l l other opera­

t i o n s . 
When airspeed indicators , tachometers, and manifold pressure 
gauges are so marked, the coloring outlined below should be used: 

a, d, g - t o be marked in "red". 
b , e , h - t o be marked in "yellow". 
c , f, i - t o be marked in "green", 

£ . Acceptable methods of marking include: 

a. Pointers, adjustable on the ground only, 
b . Sectors or l i n e s properly marked and outlined on the 

face of the d i a l , under the g las s . 
c . Lines painted on the glass face of the instrument 

when a or b above i s impracticable and when the glass 
i s adequately secured against rotat ion . Such l i n e s 
should be painted over a sui tably etched or scratched 
l i n e on idle glass i t s e l f . This etching or scratching i s 
considered advisable for more serviceable markings. 

* * 

3 . When considered necessary by the Authority, operating i n f o r ­
mation and l imitat ions such as the following should be Included 
i n a manual, or i t s equivalent, which must be carried in the 
p i l o t ' s compartment and be accessible at a l l t imes; 

a . Emergency ce i l ing and conditions under which i t may be 
obtained. 

b . A l l other information or l imitat ions considered neces­
sary by the Administration to properly inform operating person­
ne l of the conditions necessary for operation in compliance 
with the Civ i l Air Regulations. 
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APPENDIX I 

AN INTERPRETATION OF CAR 04.005 FOR THE CASE OF LARGE AIRPLANES 

A GENERAL 

1 . S ince , as stated in CAM 04 .00 , the present CAR 04 requirements 
are based largely on experience with airplanes weighing less than 
50 ,000 pounds, i t i s real ized that certain of these requirements can­
not l o g i c a l l y be applied to larger and larger a iroraf t without involv­
ing e i ther the danger of inadequate rules or the disadvantage of too 
severe requirements. I t i s therefore e s sent ia l t h a t , during the i n i t i a l 
stages of the design of such a irplanes , the designer contact the Administrator 
for specia l rulings which w i l l be made for the particular design i n ­
volved. I t iB likewise es sent ia l that very close cooperation be maintained 
between the designer and the Administrator throughout the design period 
and unt i l the completion of the a irplane . 

2 , Although i t i s impossible t o anticipate a l l of the new airworthiness 
problems involved in the design of large a i r o r a f t , the modifications to 

CAR 04 which are outlined in the following sections are considered to 
be generally applicable to such a i r c r a f t . If cases ar ise in which there 
i s doubt as to their appl i cab i l i ty to a particular pro jeo t , the designer 
is of course at l i b e r t y to employ alternative modif icat ions , provided 
that such modifications are substantiated. This appendix w i l l be revised 
from time to time as new modifications are adopted. 

5 STRUCTURAL LOADING CONDITIONS 

1 . Design Gliding Speed. (See CAR 0 4 . 2 1 1 ) . A Vg of less than 1 .25 
V^ i s in general believed Inadequate. This faotor may, however, be r e ­
duced i f i t i s shown that the resul t ing placard maximum speed suff ices 
for a l l the contingencies which may arise in operations, I t is suggested 
that a polar diagram be plotted * showing the f l i g h t paths, indioated air 
speeds* and rates of descent, with zero thrust and with cruising power. 
This w i l l a s s i s t in determining the adequacy of the design gl iding speed 
proposed. 

2 . Maneuvering Load Factors. (See CAR 04 .2120) , 11 though large a i r ­
planes are generally less maneuver able "than smaller ones, they are a l s o , 
in many oases, l ess control lable after a maneuver has been begun, e i ther 
advertently or inadvertently, rending the development of more rat ional 
maneuvering load factor cr i t er ia for suoh a irplanes , i t i s bel ieved that 
the minimum l imit maneuvering load factors of + 2 .67 and - 1.333 should 
be used at a l l speeds up to Vo.. 
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3o Gust load factors . (See SAR and CAM 04.2121. ) Positive and 
negative values of U of 30 feet per second (limit) should be used in 
Condition I (CAR 04.2131) and Condition I I (CAR 04 .2132) . The resulting 
gust loed factors should also be used for Condition I I I and 17 
respectively. 

4 . Horizontal Tail Surfaces. (See CAR 04 .221) . A 30 foot gust 
should be used for the design of the horizontal surfaces a t Y L . The 
effects of dowiraash on-the horizontal t a i l may be allowed for . More 
definite information on this can probably be obtained from the NACA. 
The question of maneuvering loads i s dif f icult to decide at present. 
The existing requirements may be satisfactory, but should not be relied 
on as f i n a l . A rational study of the speoifio case involved, based on 
the maximum deflection l ikely to be used at Yp, may lead to more appli­
cable normal force coefficients than those specified by CAR 04.2211. 

5 . Ailerons. (See CAR 04 .223) . It is suggested that the maximum 
deflection l ikely to be used at Vp be taken as a criterion for aileron 
design loads. This w i l l involve an investigation of aileron loadings 
based on normal force coefficients and pressure distribution data. 

6. Wing Flaps. (See CAR 04 .211 , 04 .214, and 04 .244) . The present 
requirements for flap design speeds can probably be lowered to 1.67 \ f 

(placard 1.5 Y s f ) provided that gust velocit ies of + 30 and - 30 feet 
pet- second are used in Conditions YII ( CAR 04.2141) and VIII ( C A E 

04.2142) respectively, if -partial deflections are to be used at higher 
speeds an additional investigation i s necessary. 

7 ; Loads on Sea Wings. No strength requirements have been formulated 
for sea wings. The suitabi l i ty of such installations w i l l be determined 
by operating t e s t s . I t should be borne in mind, however, that water i s 
approximately 800 times as dense,as air and that sea wings and floats 
are therefore subjected to very high loads and pressures when they en­
counter waves in landing or on take-off. The manufacturer proposing to 
use sea wings should substantiate the loading conditions chosen for their 
design. 

PROOF OF STRUCTURE 

1. Effects of Size. It appears that existing airplane structures have 
just about reached the limit of safe extrapolation from previously ap­
proved structures and that further increase in size introduces an element 
of uncertainty dif f icult to remove. In view of the serious nature of 
this situation i t is suggested that designers prepare a comprehensive 
outline of the general methods of strength analysis to be used on wings, 
fuselages and hu l l s , and of the specimen tests which wil l be made to sup­
plement the analysis. This material should be submitted to the Administrator 
as early in the design stages as Is practicable. I t is apparent that a 
thorough study of this situation i s necessary i f the Administrator i s to avoid 
requiring high margins of safety which wi l l impair the efficiency of the 
airplane. Otherwise i t maybe necessary to conduct destruction tests 
of complete components. 
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2 . Wing Analys i s . In preparing the program mentioned in 1 above, the 
following points should be considered: 

a . Determination of the magnitude and distr ibut ion of stresses 
due to bending and tors ion. 

b . Determination of allowable compressive loads in wing covering. 

c . Allowable shear loads in webs. 

d. Combined loadings. 

e . Specimen t e s t s , panel t e s t s , and part ia l wing t e s t s . 

f« Ultimate factors of safety . These maybe inoreased over 
the present required values i f there appears to be un­
certainty as to the r e l i a b i l i t y of the strength analysis 
and t e s t methods). 

3 . Fuselage and Hull Analys is . A program such as outlined for wings 
in item 2 above should be submitted. In part icular , information should 
be included as to the strength of main and intermediate framesj the 
r i g i d i t y of intermediate frames and their adequacy in regard to the pre­
vention of general i n s t a b i l i t y ; the strength of the side covering in 
shear; the strength of vert ica l and longitudinal s t i f feners as affected 
by diagonal tension f i e l d s ; the effectiveness of the covering in com­
press ion, and the e f fects of cutouts and discont inui t ies . 

DETAIL DESIGN 

1 . Flutter Prevention. Before the design has progressed very f a r , the Admin 
i s t ra tor should be informed as to a l l design features and precautions to 
be used to prevent f l u t t e r . Unusually large cantilever spans, and out­
board v e r t i c a l t a i l surfaces , may necessitate special precautions. 

2 . Control Systems. If a power control system is used, i t w i l l probably 
be required that certain minimum maneuvers can be performed after the 
power source has f a i l e d . 

3 . E x i t s . In view of the large s ize of the compartments, i t is f e l t 
that consideration should be given to supplying emergency exi ts on each 
side and at the top of each major compartment. 
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APPENDIX I I 

(Sample Weight and Balance Report) 

04 - App I I 

NAME OF MANUFACTURER 

REPORT NO. 

WEIGHTS AND BALANCE 
OF MODEL 

SERIAL NO. 

IDENTIFICATION MARK 

Prepared By 
Cheeked By 
Witnessed By . 

(Signature of c i v i l 
Aeronautics Administration 
Repre sentative) 

I I - 1 
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Pag© No. 

Section 1 . Aircraft Empty Weight Report No. 

(A) Empty weight as weighed ( in level landing position**) 

04-App I I 

^^Leading edge of lower wing at point ver t i ca l ly above wheel. 

-Mark minus i f leading edge i s a f t of wheel. 

Z\0" 

Scale Reading Tare Net 
Left Wheel 1 0 2 0 IS 1005 l b s . 
Right Wheel 1 0 1 0 1 5 995 l b s . 
Tail Wheel 400 150 250 l b s . 

Total 2250 l b s . 
Total net empty weight includes residual o i l . The o i l tank was f i l l e d and 
the system drained before weighing. 5 gallons of o i l were drained from the 
system. 

C G . Empty (as weighed) is a f t of wheel centerlines 250 x 210 _ 23 .3" 
2250 

C.G-. Empty (as weighed) i s af t of lower wing leading edge 23.3 + 6 = 29.3" 

Lower wing leading edge i s af t of datum 100.0" 

C G . Empty (as weighed) i s a f t of datum 100 + 29.3 - 129.3" 

Datum to M.A.C leading edge = 102" (See page 2 of Report 981 ) 

* Measured along f loor with aid of a plumb-bob. 

** Level by means provided in accordance with CAR 0 4 . 9 1 . 

I I 3 
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CIVIL AERONAUTICS MANUAL Page No. 
Report No. 

(B) Empty weight as weighed includes the following, 

( l ) Class I Equipment* 

Item No 
10 
11 
12 
13 
14 
15 
16 

17 
6 

*** Name Weight 
21 
40 

2 
4 

20 

Starter 
Battery-
Heater 
Ventilator 
Generator 
Position l ights 
8.50-10 wheels (Mfr, and model) 
and 8,50-10 6-ply t ires —i J required except 
10 l / 2 in , streamline t a i l wheel-^-J 1 -when optional 
Instruments not required ( l i s t ) Lwheels are used. 

(Weights not 

(2) Items for which approval as Class I I or Class I I I OPTIONAL equip­
ment i s desired (and test equipment); 

Weight** Hor, Arm Hor. 
(Net increase) from Datum Moment 

( 3 ) 

7 Wheel streamlines 24 71 1704 
19 Flares (Type) 17 175 2975 

4 A d j . metal prop. 70 l b s . 
(Class I prop, i s wood 
46 l b s . ) 24 13 312 

6 Optional instruments 
not required ( l i s t ) 15 60 900 

20 Optional fuel capacity 
70 ga l s . (2 tanks at . 
35 ga l s . ) (Class I 
capacity includes 2 
ranks at 25 ga l s . 
33 lbs . ) 15 90 1350 

21 Radio 
Receiver (Type) and 30 60 1800 

. antenna 
Shielding (Type) 10 16 160 
Bonding 10 50 500 

5 Ballast container 
and straps, e t c . 20 138 2760 
Total optional 165 12461 

Empty weight as weighed 2250 129.3 290925 
Optional Equipment -165 -12461 

Basic empty weight 2085 *E 278464 

2g = 278464 1 ~ Distance from datum to C,G. of 
^085 airplane empty with a l l Class I items only. 

* "Class I Equipment" (See CAM 04 .0322 ) . List a l l such items even though 
weights are not included, for some. 

** A l l weights of equipment are instal lat ion weights. When weight l i s ted is 
net increase over Class I equipment, l i s t weights for both as noted for 
propeller and fuel tanks above (items 4 and 2 0 ) . 

*** Item Numbers to correspond with numbers used in Balance Diagram. 
11-4 



CIVIL AERONAUTICS MANUAL 

Sect ion. 2 - Most Forward C G , Load Condi t ion 

Page No, 
Report No, 

04-App I I 

(A) Loading as a c t u a l l y flownt 

Item- No. Name 
Empty weight as weighed 

T Oi l 5 g a l s . 
2 Fuel 20 g a l s . 
3 P i l o t 4- parachute 
4 P r o p e l l e r ( I f o ther than 

noted i n S e c t i o n 1 ( B ) ) 
6a' B a l l a s t ( i n c l . c o n t a i n e r s , 

s t r a p s , e t c . ) 
To ta l s 

Weight Hor . Arm Hor . Moment 
2250 

38 
120 
225* 

100-
2733 

129,3 
51 
90 
90 

60 
120.8 

290925 
1938 

10800 
20250 

6000 
329913 

Datum t o M A C leading edge 102 ]_02 

Per cent o f M A C 1S.B f 80(MAC) = 23.5^ 

Inches a f t o f l ead ing edge o f wing 120.8 - 100 = 20 .8 

Loading subs tan t ia ted by 2 (A) % 

Bas ic empty weight 2085 *E 278464 

1. Oi l 5 g a l s . 38 51 1938 
2 . Fuel 70 g a l s . * * ' 420 90 37800 
3 . P i l o t*** 170 90 15300 
3 . Passengers ( i n f r o n t s e a t ) 170 . 90 15300 
3 . Parachutes i n f r o n t sea t s (2 a t 20 l b s . ) 40 90 3600 
4 . P r o p e l l e r ( h e a v i e s t t o be used).(7Q-46) 24 13 312 
6 . Opt ional instruments 15 60 900 
7 . Wheel s t reamlines 24 71 1704 

21„ Radio equipment forward o f most forward 
C G . l i m i t 
Plus o ther i tssis o f op t i ona l equipment 
o r i t i c a l f o r most forward C G . load 
c o n d i t i o n f o r which approval as Class I I I 
equipment, i s d e s i r e d . _ _ _ _ _ _ _ _ _ _ 

Tota l s W F Xp**** Mp 

NOTES ARE PERTINENT TO BOTE SECTION 2 AND 3 . 

* Actua l we igh t o f p i l o t and parachute s h a l l be used i n Sec t ions 2(A) and 3(A) 
ins tead o f standard weight o f 290 l b s . (170 4- 2 0 ) . 

** Fuel subs tan t ia ted s h a l l be as f o l l o w s : (See CAR 04.7211) 
"(a] 1 g a l . f o r eve ry 12 MAXIMUM EXCEPT TAKE-OFF horsepower wiien minimum 

f u e l i s c r i t i c a l . 
( b ) Fu l l tanks when maximum f u e l i s c r i t i c a l . 

*** When c o n t r o l s are arranged i n tandem and the a i r c r a f t can be f lown from 
e i t h e r p o s i t i o n , S e c t i o n 2(B) w i l l inc lude the p i l o t i n the f ron t c o c k p i t . 
S i m i l a r l y , S e c t i o n 3(B) f o r the most rearward C G , c o n d i t i o n w i l l ' i n c l u d e 
the p i l o t in the rear c o c k p i t . (Otherwise the a i rp lane must be placarded 
a c c o r d i n g l y ) . . . 

**** Sha l l not exceed l i m i t s i n 2 ( A ) and 3 ( A ) . 
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APPENDIX IV 
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APPENDIX ? 

A SIMPLE APPROXIMATE METHOD CF 

OBTAINING THE SPANWISE DISTRIBUTION OF LIFT ON WINGS 

SUMMARY 

This appendix presents and describes a simple and rapid approximate 
method for the determination of the spanwise distribution of section 
l i f t coeff ic ient c^* on wings, for use when a rational method i s r e ­
quired. One completely worked example and three additional examples 
which compare the results obtained by th is approximate method with 
avai lable theoret ical methods are included. Limitations of the 
method are given in Section 6 , The method herein described incor­
porates a tabular form for use in making the necessary computations. 
In pract ice , i t i s necessary to enter only 7 basic columns in the 
tab le , and the remainder of the work i s a simple routine procedure 
which can be carried out by personnel with no engineering knowledge 
of the principles involved. 

BASIC CONSIDERATIONS 

I t i s wel l known that the l i f t distribution for any wing can be found 
in terms of the wing l i f t coeff ic ient 0^, the basic l i f t coeff ic ient 
c\b> and the additional l i f t coeff ic ient c\ai$ as related by the 
formula: 

c-> - cLcla, + c lb (1) 
In order to determine the values of c-j along the span for any given 
design condition corresponding to a specif ic value of the wing l i f t 
coef f ic ient Cj,, i t i s , of course, necessary to know the values of 
c^ a, and c^D along the span. ( I t might be noted here that , i f the 
wing has no aerodynamic twist , c\b » o and 0\ • Gjpi^m) These may 
be determined by the following approximate formulas which were 
derived from the resu l t s given in Reference Is 

1/Z (2) 

(oCEo + B) (3 ) 

See Section 8 for nomenclature. 
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In using these basic formulas, the following values must be 
determined: 

b/2 
a c cdy 

a , ° • j • _ (Mean value ( 4 ) 
of a 0 ) 

^b /2 
- / a 0pcdy (Angle between wind 
J Q direction and the 

°*Ho " C7o reference a x i s , for ^ ' 
/ a 0 cdy zero wing l i f t ) 

(This i s a s impl i f i ­
cation of formula (5a) 
(5) for use when a 0 

i s constant along 
the span) 

The computation of c-^a, and c - ^ i s conveniently adapted to a 
tabular form, the use of which is described in the following 
section: 

USE OF TABULAR FORM 

The tabular form for computing the values of c l a , and c^D i s shown 
as Table 1 . Br ie f ly , the use of th i s Table consists of entering 
the basic geometrical data required in coluions , (2) , ( 3 ) , and , 
Q6) j entering the "multiplier" in column (4) gar ter ing the basic 

aerodynamic data required in columns (§) and (17) • and then proceeding 
with the routine computations as indicated in body of the Table. 
The value of c^a, is then obtained as column (^5) • The value of 
c-^ is obtained as column (^) , in case high l i f t devices are not 

used, and as column (2§) i f such devices are used. The procedure for 
using t ins Table w i l l ixm be outlined: 

Column ( l ) 

Before entering the values of in th i s column, i t i s necessary 

to divide the semi-span into a convenient number of sections, and 
then divide these sections into a convenient number of even parts . 
Examples of tihis are shewn on Fig . 1 . I t i s necessary to locate 
section divis ions at the beginning of the t i p region (See F ig . 1 ( 1 ) ) , 
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at the ends of high l i f t devices (See Fig . 1 ( 2 ) ) , and at 
points where there is an abrupt change in plan form 
(See Fig* 1 ( 3 ) ) * These section divis ions are shown as 
heavy l i n e s on Fig* 1* The sections thus obtained are 
then divided into an even number of parts as indicated in 
Fig* lo (An even number of parts i s necessary in order 
to insure accuracy in the numerical integration which i s 
autoimtical ly provided for in the Table*) The values ^f 

may now be entered in column ( 3 ) , taking care to enter 

i^rr values at the main section divis ion twice, as shown 

i n the numerical example (Fig* 5 )* 

Column (D 

Enter t h e chord, c, in .inches corresponding to the value 

on the same l i n e . 

Column @ 

Enter here the actual width in inches of the small divis ions 
of the semi-span within the section (See Fig* 3 ) * 

Column (&) 

Enter here a mult ipl ier which, within a sect ion, i s a series 
of the following form (Simpson's rule for approxinate in t e ­
gration) ; 

I t w i l l be noted that the f i r s t and l a s t terms of th i s series 
are , 3 3 3 , and the intermediate terms are a repet i t ion of 
1 ,333 and , 6 6 7 . Examples of mult ipl ier values fo l low: 

Two div is ions: . 3 3 3 , 1 , 3 3 3 , ,333 
Four d iv is ions: , 3 3 3 , 1 .333 , , 6 6 7 , 1 , 5 5 3 , ,333 
Six d iv i s ions : , 3 3 3 , 1*333, , 6 6 7 , 1 , 3 3 3 , . 6 6 7 , 1 , 3 3 3 , *335 
Eight d iv i s ions : . 3 3 3 , 1 ,333 , , 6 6 7 , 1*533, *667, 1«535 , 

. 6 6 7 , 1 .333 , ,333 

(See a lso -Fig. 3 for an example of th i s procedure.) 

Column @ 

Enter here the slope of the l i f t curve, a Q , for in f in i t e aspect 

ra t io in Cj, per degree for the pertinent a i r f o i l section (or 
a i r f o i l - f l a p combination)* Data f o r t h i s purpose can be ob­
tained from standard NACA reports . 

Column 

Enter here the angle of incidence, i . This I s the angle 
between the chord l ine (the l i n e used as datum for a i r f o i l 
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ordinates and angles) and the reference a x i s . The reference 
axis can be chosen as any convenient axis in the. plane of 
symmetry, such a s , the fuselage axis or the chord l ine of 
the root chord. Care should be taken in using the proper 
sign for i , pos i t ive values being as measured in the sketch 
below* (The sign of oc\0 i s shown as negative in the sketch 
to agree with KACA a i r f o i l data where the reference l i n e for 
angles of attack i s always the chord l i n e . Therefore, con­
sidering only the geometry of the particular sketch, J3 i s 
obviously i + C K \ Q or using the sign and expression for p given 

on the sketch, B » i - (-°<^ 0) • i + 0 % ) « 

P = i - o % 

Column Off, 

Enter here the angle of attack for zero l i f t , oc^Q for the pertinent 
a i r f o i l section (or a i r f o i l - f l a p combination), taking care to use 
the proper s ign. Data for this purpose can be obtained from 
standard MCA reports . Computations can now proceed in accord­
ance with the instructions on Table 1 . In cases nihere high l i f t 
devices are not used, the f ina l values of c\a> and c\b for design 
purposes are given in Columns j^5) and (23), respectively. 

When such devices, are used, the c l S ) values of Column ( l?) s t i l l 

apply, but i t i s necessary to f i l l out Columns ( 2 4 ) , (25 ) , and (26) 
i n order to obtain the f ina l c ^ (Col*Mn (£6)) values for design 

purposes* Instructions for f i l l i n g out these colianns are given 
i n the following sect ion. 

PROCEDURE FOR OBTAINING- c^ b TiKEN HIGH LIFT DEVICE ARE USED 

When' high l i f t devices are employed, i t w i l l be found that the c\b • 
values in Column (23) have a sharp discontinuity at the end ( s ) of 
the f l a p , as shown _n the example profc£em. Fig . 3 . I t lss therefore, 
necessary to properly adjust these values in order to obtain better 
agreement with actual measured span d i s tr ibut ions . 

This adjustment process i s performed by computing Column (24) to 
obtain c^bC and plotting the values -thus obtained against the semi-
span* Examples of t h i s are sh'-'Vsn by the dashed l ines on Figs , 2 and 
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6 , These curves are then faired as shown by the solid l ines on 
Fig. 2 and 6, taking particular care to f a i r 'in such a manner that 
the t o t a l area under the faired curve i s equal to zero. The values 
of C | b c f r o m t l 3 e feired curve are then entered in Column (25) and 
the f ina l for design purposes i s obtained in Column (£^, 

5 . COMPARISON SXAI.ffLES 

These examples are included to show a comparison between the resu l t s 
obtained by the approximate method outlined herein and more exact 
theoretical methods which have previously been shown to give s a t i s ­
factory agreement with experimental resu l t s . (Reference 1 includes 
a large number of comparison examples which are of in teres t . ) 

Example $L 

The wing planform of this example i s shown in Fig. 2 . The wing 
has no aerodynamic twist , except that induced by •the f lap , which 
i s deflected 3 0 ° . This example i s taken from HACA Technical 
Report 585, page 3 (Reference 2 ) . A table showing the compu­
tat ion of c - l a | and f inal c-^ is shown in Fig. 3 , fa ir ing of e ^ c 

i s shown on Fig. 2 , a table giving the computation of c-̂  for a 
wing l i f t coeff ic ient C^ • 1 .72 i s shown on Fig. 4 , and a com­
parison of f inal values of c^, c^ a and c^, with those obtained 

theoret ical ly by reference Z i s shown in Fig . 5 . I t w i H be 
noted that the agreement of the c-̂  values i s very sat is factory 
for design purposes. 

Example Jfe 

The wing planform for th i s example and the comparison curves 
of c^ are shown on Fig. 7 . This wing has no.aerodynamic t w i s t . 
I t w i l l be noted that the agreement of the approximate method 
with the theoretical results is sat isfactory for design purposes. 
(The C L value of 4 .52 for th is example i s a theoretical value 

corresponding to an angle of attack beyond the s t a l l . However, 
the c l values for this wing at angles of attack below the s t a l l 
would be d irect ly proportioned to those shown on the Figure.) 

Example 45 

The wing planform and comparison curves for th i s example are 
shown on Fig . 8 . This wing has a straight center-section, a 
root to t i p chord rat io of 4 , and an aerodynamic washout of 
2 degrees. The l i f t coeff ic ient of the wing, C^, is 0 . 6 8 7 . In 

th is case, a comparison is-made between the values given by 

the approximate method and the theoret ical curve from NA.CA 
Technical Note 732 (Reference 3 ) . ( I t w i l l be noted that the 
value £r£ i s d irec t ly proportional to the load per foot of span 

b / £ 
acting on the wing.) 
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Example #4 • 

This comparison example i s shown on Fig* 9* The f lap deflection 
i s 60 degrees, the ailerons are in neutral posit ion, and the 
wing Of, i s 1 . 7 1 6 . 

The theoretical curves for c-j, c \ a > a n d c \ D are the same as 
those shewn in Fig . 7 - 4 , page 7 -44 , of ANC 1 ( 1 ) . I t w i l l be 
noted that the agreement of the approximate method with the 
ANC 1 (1) theoretical method i s ent ire ly sat is factory for 
structural design purposes. Fig. 9 a lso shows a comparison 
of the c^c values of the approximate and theoret ical methods. 
(The term c-̂ c i s d irec t ly proportional to the load per foot of 
span acting on the wing*) 

6. CONCLUSIONS 

On the basis of the comparison examples contained herein and many 
other comparison examples which have been completed, i t i s con­
cluded that the approximate method given herein of computing 
spanwise distr ibution of c^ i s sat is factory for structural design 
purposes, provided that: 

1 . The aspect rat io i s within the normal range of values 
(say from 5 to 1 2 ) , and, 

2 . The wing has reasonably rounded t i p s , i f the taper ra t io 
i s greater than 0*5. (This res tr ic t ion as to rounded 
t i p s does not apply for taper rat ios l e s s than * 5 . ) 

In cases where the wing does not have reasonably rounded t i p s and, 
at the same time, the taper rat io is greater than » 5 , the approxi­
mate method can also be used provided that an empirical t i p cor­
rection such as i s outlined in paragraph 1.32 of ANC 1 ( 1 ) , "Span-
wise Air Load Distribution" i s employed. This method i s considered 
sat isfactory for any amount of aerodynamic twist that may be en­
countered in conventional design practice* 
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V-7 

8 . NOMENCLATURE 

S Wing area, square inches 

b Span, inches 

c Chord, inches 

c Average chord, inches ( * S/b) 

y Distance of a particular stat ion from centerline 
of wing, inches 

CL Wing l i f t coeff ic ient 

c i a , Additional l i f t coeff ic ient for a section when 
wing CL « 1 ,0 

e l f t Additional l i f t coeff ic ient for a section ( • C L C ^ ) 

evb Basic l i f t coeff ic ient for a section due to aerodynamic 
twist , when wing i s operating at zero l i f t 

c^ Section l i f t coeff ic ient ( • c^a + c\b) 

« \ 0 Angle of attack of a section f o r aero l i f t , degrees 

i Angle between the chord l ine and the reference ax i s , 
degrees (see sketch on page 6) 

B Angle between the zero l i f t l ine and the reference ax i s , 
degrees (see sketch on page 6; note that 3 « i - o c t 0 ) 

QtJJ Angle between reference axis and the wind direct ion, 
degrees (pos i t ive when the reference axis i s so inclined 
to the wind direction as to produce posi t ive l i f t , 
assuming ( for th is purpose only) that the reference axis 
acts as a zero l i f t chord l i n e on a i r f o i l section) 

O^p Angle between the wind direction and the reference axis 
when the wing i s operating at aero l i f t , degrees 

£ £ a Angle between the zero l i f t l i n e of a section and the. 
s wind direct ion, degrees ( o t ^ »0&jj + 8) 

a L i f t curve elope, C_^egree 

a Q Section l i f t curve s l i p e , c i /degree (slope of graph of 
ĉ  vs .OC) ' 
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sqagssTED DIVISIONS 

a • 8 even parts 

b - 4 even parts 

STRAIGHT TAPER - HOUND TIPS 

a - 4 even parts 

b • 4 even parts 

c » 4 even parts 

STRAIGHT TAPER - ROUND TIPS - FLAPS 

a - 2 even parts 

b » 4 even parts 

c » 4 even parts 

REVERSE TAPER - ROUND TIPS 

EXAMPLES OF WING PLANFORM DIVISION 

FIG. I 
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PLANFORM 

TApfo RATIO - . 635 
ASPECT HMIO • 6. 

Ct leul t ted e ^ e (from wluan @ of Table 1 ) 

F a i n d e^ bc (To b». e n t a n d i n s o l u m © o f T ib l* 1 ) 

imm USE CURVE _jf £lbc_ 

COMPARISON EXAMPLE FROM N.A.C.A. TR.585 

FIG. 2 
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TABULATION FOR WING SHOWN IN FIG. 2 
FIG. 3 
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Final c l a Final c l b Final 

® © ® ® © 
b/2 

C L x ® ® + ® 
0 L 7 A .IAJT 

/ 74 - tfi£ 
t, 77 7. <9Ji4* 

/ * 3 4 1 78 A&&7 
(76 

f. S 3 A i-7ft 
/. 7£ 

991 L7r -

• —: J&f 

Lata aaa 

EXAMPLE FROM N.A.C.A. T.R. 585 
FINAL CX DISTRIBUTION FOR A WING C L o f 1 .72 

FIG. 4 
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1.61-

1.2 

and 

.8 

.4 

Qi. 
. 2 

THEORETICAL CURVES 
-FJQM M C A Tj_B, 585 

APPROXIMATE METHOD 

.4 . 6 
J_ 
b/Z 

.8 1.0 

> 2 t 

BASIC DISTRIBUTION 
flLAf DEFLKCTTO 50° 

COMPARISON E X A M P L E FROM N A C A. I R S 85 

•FIG. 5 

V-12 



« > b a < b 

F L A P E X T E N D I N G O U T F R O M £ 



04-App V CIVIL AERONAUT ICS MANUAL 

THEORETICAL CURVE 
PROM NACA T.R.585 
— i -

• - APPROXIMATE METHOD 

3 4 
SPAN STATIONS 

WING WITH R E V E R S E TAPER 
COMPARISON EXAMPLE FROM T R . 5 8 5 

FIG. 7 
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COMPARISON EXAMPLE FROM N.A.C. A ~"T N. 7 3 2 
FIG. 8 
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Final Cbmputed 
c l b 

Computed Paired 
c l b c 

Final 
c t b 

® © ® © 0 © © © © © © © © © © © © ® © © © © © @ " 

o - ina. A - i n s . 
Mult i ­
p l i e r «<?) 

PL per 
degree 

*(D 4c / <J)x@ ( 8 > © *(5) 
i 

* ( 4 ) 

© * © ©A (g )x@ (D*<g> V 

• 

2®= 2®= 

• N O T E S ! 

(1) Column ( ? ) i s calculated only when, (a • variable) 

(8) When.(a » constant) the values in column (b) are 1 

(5) See sketch page 6 The signs of the angles should be 
careful ly observed. 

( 4 ) ô Ro o f column (19) i s calculated only when (a - constant) 

( 5 ) ° ° R o ° f column i s calculated only when (a » variable) 

(6) values taken from Column @ are f inal values of c j 0 

when no h i g h - l i f t device i s operating. 

(7) Values of e l b c for Column @ are taken from the faired 
curve of column @ 

C A L C U L A T I O N S F O R C O N S T A N T S 

b/2 -

S ( to ta l wing area) - SS2(?) > 
C (mean chord) «• -̂ .̂ IX 

' b / 2 

4c = 
It 

iris, 

sq. ins . 

i n s . 

ins . 

- S < 

c b/6 

^ ° c b / £ 

C L per degree 

degrees / t h i s value o f « ^ used only when 
(a - constant} / 

degrees / t h i s value o f oc™ used only when 
(a - v a r i a b l e } / 

TABLE X 
V-17 


